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Repairs 


By J. Guthrie 


SYNOPSIS 


By means of a series of illustrated cases, an 
attempt will be made to demonstrate how any 
important component in any type of marine engine 
can be temporarily or permanently repaired in 
a small port with reasonable repair facilities, no 
matter how serious the breakdown may be. 
Only successful cases are mentioned, and by 
successful is meant that the repairs fulfilled the 
purpose for which they were intended: generally 
to allow the vessel to complete her voyage or 
charter, or to let her remain in service until such 
time as a full-scale repair could be carried out. 


Boilers are not included in this review, as their 
construction and repair have been the subject of 
numerous books and papers for over a century, 
and even a modest review of the subject would 
require a separate paper. Also, but for different 
reasons, diesel engine cylinders, pistons, covers, 
etc., are not dealt with, as failure of any one of 
these items is not considered serious enough to 
render the engine permanently disabled, unless 
considerable consequential damage is incurred, in 
which case the damage would be dealt with under 
its appropriate heading. 

The following types of repair are described, 
illustrated as necessary : — 

— Cracks in steam engine cylinders and cylinder 
feet. 

— Cracks in engine frames and entablatures. 

— Defects in crankshafts. 

— Cracks in cast iron and fabricated steel bed- 
plates. 


— Failures in steam turbine rotors. 
— Failures in reduction gearing. 
— Failures in turbo-electric propulsion motors. 


Before dealing with each individual repair, 
some general remarks are made on the technique 
of engine repairs—what to look for and what to 
avoid. 


INTRODUCTION 


The difference between building marine engines 
and repairing them is not so much one of degree 
as of kind. Whereas engine building follows a 
pre-determined pattern from the original rough 
sketches to the completed engine many months 
later, engine repairing depends for its very 
existence on speed, imagination and ability to 
improvise. The one is a science that can be 
taught, the other is an art that can only be learnt. 

Unfortunately, the prolific literature devoted 
to marine engineering deals very sparingly with 
repairs, and in general, the only people who ever 
hear of an interesting repair are those immediately 
concerned in the case. 

Consequently, when a main engine breaks 
down, the engineers responsible for getting it back 
into working order are faced with a problem 
which may have been solved many times before 
but which quite often has again to be dealt with 
right from the beginning with consequent waste 
of time and money. 

A big repair is not too serious a matter in a 
large terminal port, with a host of super- 
intendents, classification and underwriters’ 
surveyors and ship repairers at hand to pool 
their knowledge and experience, and possibly the 
builders’ design department within call if 
necessary. Alternatively, if repairs are not 
possible, spare parts are readily available. 

In many parts of the world, however, break- 
downs are not so easily overcome, and any 
surveyor acquainted with the smaller ports will 
readily agree that repair facilities, like the 
technical staffs that go with them, are of little 
help in face of a major engine failure. Hence, 
in an emergency, the surveyor may find nobody 
ashore with whom he can discuss and evolve a 
practical repair, and it is precisely with this in 
mind that the present paper was written—to show 
how other people have successfully tackled their 
problems and effected repairs in order to be able 
to continue the voyage. 

In this connection, it might be as well to 
emphasize that a successful repair need not 
necessarily be a permanent one. Providing it 
fulfills the purpose for which it is intended, any 
repair is successful, even if it is merely a mock up 
of cement and timber to allow the vessel to 
proceed to a sizeable port for repairs. 


SOME GENERAL REMARKS ON REPAIRS 


Before contemplating a repair, we must first be 
sure there is more than a prima facie case for it. 
There is the example of the chief engineer who 
complained of vibration in his HP turbine and 
suspected a bent rotor, only to find that the 
vibration was propeller-excited due to manceuyr- 
ing in shallow water. Also, there is the old chest- 
nut of the second engineer who dismantled his LP 
engine to find the knock, which was eventually 
discovered as a loose propeller. (This happened 
to the Author in his palmy days as a marine 
engineer). Surveyors have been called in to 


advise on rough running in the reduction gearing 
of a modern turbine installation, the grunting 
being finally traced to weardown in the stern bush, 
with the screwshaft running on the check ring. 
There is even a case on record of a vessel’s 
crankshaft having to be periodically examined for 
slack dowels, until it was discovered that the so- 
called dowels were in reality positioning discs 
some 34 in. diameter by 1+ in. thick fitted across 
the shrink fit flush with the web, and lightly 
welded, (see Fig. 1). Whether these discs 
remained in position or were removed, the shrink 
fit would not be disturbed in any way. 
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Fic. 1. MAIN ENGINE CRANKWEBS SHOWING 
WELDED-IN DISCS IN LIEU OF DOWELS 


Having established a case for repairs, it might 
be useful to ascertain the cause of damage in 
order that the breakdown may not happen again, 
given reasonable maintenance. 

If, for instance, a cast iron bedplate cracks due 
to grounding, an eventuality which obviously 
cannot be catered for in design, then it will be 
sufficient to restore the strength of the casting 
and leave it at that. Similarly, foreign objects 
do sometimes get boxed up inside a cylinder, and 
the damage subsequently caused by the engine 
taking what our forefathers irreverently referred 
to as a “long stroke” may affect the columns and 
bedplate as well as the cylinder itself. Here again, 
it will be in order only to repair the damaged 
parts up to their original strength. 

However, nowadays, with owners demanding 
smaller engines with considerably greater power, 
we come across a certain type of failure which 
can be attributed solely to faulty design, and 
curiously enough, it is mainly in the static 
components of the engine that the trouble arises: 
frames and bedplates. Confronted with a break- 
down of this nature, simply restoring the original 
strength is not enough, and additional bracing 
will be required. 


A fairly common mishap these days is a 
cracked screwshaft, usually at the top of the 
keyway, and a good working rule for this 
phenomenon is to scrap the shaft. A number of 
engineers look upon a small crack in the keyway 
as merely a surface flaw, and think that when it 
has been ground out (usually and wrongly 
described as spooned out) the danger will be 
averted. What is not appreciated is that in a 
homogeneous member such as a screwshaft, the 
metal is stressed throughout its thickness, and 
that the small crack at the weakest point, the 
keyway, may be merely the danger signal. To 
grind out the crack is to remove the danger signal 
without removing the danger. In a number of 
instances on record, after cracks have been cut 
out, they have reappeared at subsequent dry- 
dockings, sometimes wide open. 


Thus, for cracked screwshafts there are no 
acceptable repairs. 


One of the best known and simplest types of 
repair, especially to iron castings, is the Metalock 
process of stitching cracks with metal keys. This 
method is good for the normal repair, but it 
should always be borne in mind that it merely 
restores strength and cannot be said to reinforce 
the casting as a whole. It might be useful to point 
out that metal stitching should not be considered 
as a permanent repair in such parts as are subject 
to varying temperatures and pressures. Also, its 
use in cylinder liners or on surfaces subject to 
sliding friction is not to be recommended, as 
occasionally the keys become dislodged with dis- 
astrous results. Propellers are known to have been 
repaired by one or other of these systems of stitch- 
ing but the repairs have not always been very 
successful. 


The following examples have been chosen from 
a very wide field, and as many different types of 
repair as can be included within the purview of 
this paper are presented. These repairs were not 
necessarily the best or cheapest, and some may 
appear over-elaborate, but they all had one 
characteristic in common; they were successful. 


STEAM ENGINE CYLINDERS 


Repairs to cylinder covers and cylinder bottoms 
are reasonably easy to design and execute in these 
days of electric welding. Covers can be fabricated 
of steel plating well ribbed up, and a damaged 
cylinder bottom can be repaired by bolting on a 
spigot patch. Fig. 2 shows a tramp steam engine 
with a crack between the IP cylinder and valve 
chest, and the repair consists simply of a forged 
steel strongback with palms at the ends securely 
bolted to the cylinder top, the set pins being in 
way of the steam port walls. After a few voyages, 
the strongback was removed and the crack was 
“stitched” up by means of metal keys. 

Fig. 3 shows the HP cylinder of a triple expan- 
sion engine with a crack in the cylinder foot ex- 
tending from the bottom flange up the forward 
side of the foot, along the top and tapering away 
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Fic, 2. TRIPLE EXPANSION STEAM ENGINE WITH 
A CRACK BETWEEN IP CYLINDER AND VALVE CHEST 


towards the valve chest. Here the crack was 
“stitched” and the cylinder was braced by means 
of a pair of strongbacks 3 in. square fitted across 
the top and bottom of the valve casing and tied 
together by 14 in. tie bars, and by a similar brac- 
ing across the cylinder cover and to plates bolted 
to the cylinder foot on either side. 


COLUMNS 


The A frame of a large diesel engine is shown 
cracked between lightening holes and aperture at 
a welded joint in the face plate (see Fig. 4). Here. 
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Fic. 4. DIESEL ENGINE FABRICATED “A” FRAME 
REINFORCED BY MEANS OF A TIE-BOLT 


instead of merely cutting out the crack and re- 
welding, the frame is clamped together by means 
of a 3 in. diameter stay with nut and shaped 
washer at each end. 

Fig. 5 illustrates an interesting permanent repair 
to a large triple expansion steam engine. The HP 
back column was found to be cracked at the top 
flange, through two ribs, and was dealt with as 
follows: a plate 1} in. thick was shaped as shown 
in the sketch, flanged at top to take two of the 
cylinder foot bolts (lengthened to suit) with a 
welded-on rib. As the plate was cut away on the 
inboard side to clear the guide plate rib, an in- 
genious arched stiffener was contrived, welded 
along the toes. The plate was closely fitted to the 
column by means of a number of {in. set pins. 
In passing it might be mentioned that this repair 
would also be suitable for a crack in the column 
foot or even in a cylinder foot flange. 


The next two figures show how a cracked 
column can easily be restored to service by means 
of tie bolts fitted through angles on either side of 
the fracture. 


Fig. 6 shows how a crack in the plain part of a 
cast iron or fabricated steel column is drawn and 
held together by a couple of 1} in. bolts landed on 
two steel angles, the latter being reinforced by 
light welded brackets. 


In Fig. 7, an all-welded steel column of H 
section is shown cracked at the foot flange. Here, 
the column foot bolts were removed and a pair of 
strong angles was laid back to back, on each side 
of the central web, fitted well above the tops of 
the flange ribs. New, longer foot bolts were then 
fitted from bedplate to the angles and hardened 


up. 
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Fic. 5. TRIPLE EXPANSION STEAM ENGINE REPAIRED AT THE TOP OF THE HP BACK COLUMN 
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Fic. 6. FORM OF REPAIR SUITABLE FOR ANY TYPE 
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FiG. 7. FORM OF REPAIR SUITABLE FOR A FRAC- 
TURE IN A FABRICATED STEEL COLUMN FOOT 


CRANKSHAFTS 
(a) Couplings 

Perhaps one of the most common types of 
failure in a diesel engine crankshaft is cracking at 
the bolt holes in the coupling flanges connecting 
the two sections. 

This trouble is manifested by slack coupling 
bolts. and unfortunately the cause of this slackness 
is seldom investigated. As will be seen from Fig. 8, 
the cracks start from a bolt hole and either run 
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Fic. 8. 


into another hole or turn towards the core of the 
shaft, and only sometimes do they appear on the 
surface of the coupling. Hence the crack can- 
not always be seen without lifting a half crank- 
shaft, although careful study of the coupling bolt 
noles might reveal a flaw. A shaft with a cracked 
coupling should have the defective section renewed 
at the earliest opportunity, but as it is not always 
possible or even convenient to put such a per- 
manent repair in hand immediately, a good 
temporary repair to the flange can be made by 
shrinking on a heavy steel ring some 1+ in. thick 
with width to suit. The bolt holes should after- 
wards be reamered out and new coupling bolts 
fitted, care being taken not to make the bolts too 
tight a fit in way of the cracked holes. In addition, 
the crankshaft alignment should be checked. 

Should a reduction in speed be considered 
necessary, Head Office should first be consulted 
as the proposed speed may turn out to be on the 
flank of a dangerous critical. 

This type of repair can, of course, be used on 
any type of shaft flange coupling. 

Fig. 9 shows an extension of this repair to a 
web coupling, the crack in this instance being 
much more severe, extending in fact across the 
full width of the flange. Here, double U plates 
lin. thick were welded on to the crankweb, the 
first or innermost being made as wide as the web 
would allow (64 in.) and the second or outermost 
(5+ in.) welded on top after completion of the first. 
In each case, welding was commenced at the centre 
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TEMPORARY REPAIR TO THE CRANKSHAFT CENTRE COUPLING IN A LARGE DIESEL ENGINE 
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Fic. 9. TEMPORARY REPAIR TO THE CRANKSHAFT 
“Z”’ COUPLING IN A LARGE DIESEL ENGINE 


of the U and the legs being preheated, the welding 
was continued down each leg, thus taking advan- 
tage of the shrinkage on cooling. 

This temporary repair was carried out to the 
port main engine of a large passenger vessel to 


enable her to make a round voyage of several 
thousand miles, and was entirely successful. When 
the time came to renew this portion of the shaft, 
the web coupling in the starboard main engine was 
examined and was found to be cracked in a similar 
manner, thus proving once again the age-old 
maxim for surveying ships and their machinery: 


In any symmetrical structure, wear and tear defects 
on one side of the axis usually repeat themselves 
on the other side. 


(b) Crankpins 

Fig. 10 shows a very neat repair to a main engine 
crankpin. This diesel engine broke down at sea 
and was patched up by the engine room personnel 
and brought into port under her own power. As 
a temporary repair to enable the vessel to reach 
her home port (on the other side of the world) a 
flanged steel bobbin piece of the same diameter as 
the shaft was made and fitted between the webs of 
the forged crankshaft and bolted thereto with 24 
2 inch diameter setbolts on each side, the flanges 
being scalloped out in way of the crankpin. The 
bolts were locked and wired, and as a further pre- 
caution, several 14 in. diameter dowels were driven 
radially into the joint between web and bobbin, 
and then riveted over. 


An alternative method of repairing (or rather 
by-passing) a broken crankpin is shown in Fig. 11. 
This relates to the No. 7 crank of a large 
8-cylinder diesel engine, and a temporary repair 
was carried out as shown to enable the vessel to 
complete her voyage from Australia to the U.K. 
The broken crankpin was bored out and counter- 
bored at webs to take a 34 in. fitted bolt to draw 
the crack together. Then a hollow thimble dis- 
tance piece, made of { in. plating, was welded 
between the webs in line with the journals. After- 
wards the whole of the crank throw was enveloped 


in ¢ in. plating, slotwelded to the webs. 


(c) Crankjournals 


Repairs to broken crankjournals are few and far 
between—in the nature of things, the only way to 
deal with a broken shaft journal is to renew it. 
In Fig. 12, while the broken piece was in fact re- 
newed, the interesting part is that the repair was 
carried out in a small port where no material was 
immediately available. The unit was a triple ex- 
pansion steam engine, with flanged journals, and 
it was impossible to forge a new journal locally. 
To avoid serious delay, the spare screwshaft was 
cut down, machined to suit and shrunk into 
position, the flanged end being used for this 


purpose. 
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Fic. 10. TEMPORARY REPAIR TO THE No. 5 CRANKTHROW IN THE CRANKSHAFT OF A LARGE DIESEL ENGINE 
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Fic. 11. TEMPORARY REPAIR TO THE No. 7. CRANKTHROW IN THE CRANKSHAFT OF A LARGE DIESEL ENGINE 


making this part of the shaft of semi-built design. 
As the new webs were too thin to take a shrink 
fit, the ends of the journal were veed out for about 
one third of the shrunk length and welded up. As 
will be seen from Fig. 13 the new webs were of 
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(d) Crankwebs | \ 

A most unorthodox repair to a broken crank- i non / 


web (and one not to be recommended) was carried ‘a 
out to a coasting vessel during the war years. The — 
engine was a German built diesel motor and the 


solid forged crankshaft broke through the No. 4 AS REPAIRED 

aft web. As a new crankshaft was not obtainable. Fic. 13. UNORTHODOX REPAIR TO THE FORGED 
the No. 4 webs were turned off and a separately CRANKSHAFT OF A SMALL DIESEL ENGINE, USING 
forged crank unit, consisting of a pin and two A SEMI-FORGED THROW PARTLY SHRUNK, PARTLY 


webs, was made locally and shrunk into position, WELDED ON 


wy 


different shape to allow for shrinking on. This 
shaft as repaired lasted until the end of the war, 
when it again broke, but this time in way of No. 7 
crank! By then, of course, a new shaft was avail- 
able and was promptly fitted. 

Fig. 14 illustrates a temporary repair not only 
bold in conception but unique in the fact that it 
was carried out to the same engine at the same 
port on three different occasions, each time to 
allow the vessel to cross the Atlantic to a European 
port for repairs. It concerns a large diesel engine 
which broke a crankweb in the West Indies, the 
shaft diameter being in the region of 18 in. A 
bobbin piece was cut from an old screwshaft, the 
ends prepared to form a chisel edge and the whole 
was welded in place between the two webs in line 
with the journals. As the journals were hollow 
bored, two steel discs some 14 in. thick were made 
to replace the cast iron cover plates for the holes, 
before fitting the bobbin piece. The latter was 
welded complete at the after end before beginning 
at the forward end, and downhand welding only 
was used, the shaft being turned as required. 
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BEDPLATES 
In the old days of cast iron bedplates, cracks 
were comparatively rare, being mainly consequen- 
tial damage due to collision, stranding or failure 
of the running gear. Such a case, for instance, as 
shown in Fig. 15, illustrating a section through the 
sump of a diesel engine cast iron bedplate, with 


Fic. 15. A SIMPLE CRACK IN A CAST IRON BED 
PLATE BETWEEN LIGHTENING HOLE AND TIE-BOL1 
RECESS 


a crack running from a lightening hole into the 
recess for the tie-bolt nut. No signs of working 
were noted in the crack, and it was simply repaired 
by metal stitching. 

Fig. 16 shows a cast iron bedplate which was 
found to be cracked in way of a main bearing 
girder and was reinforced by means of a fabricated 
steel cradle made up of 1} in. plating, welded to- 
gether and reinforced internally. This cradle was 
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Fic. 16. TEMPORARY REPAIR TO THE CRACKED 
MAIN BEARING GIRDER IN A DOUBLE-ACTING DIESEI 
ENGINE 


securely bedded into the bottom of the girder and 
drawn up by the tie-bolts which were fitted with 
extended cap nuts to suit. Another temporary 
repair to the cast iron bedplate of a diesel engine 
is illustrated in Fig. 17, which shows how the port- 
side longitudinal girder was patched up after a 
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‘TEMPORARY REPAIR TO THE LONGITUDINAL GIRDER OF A CAST IRON BEDPLATE USING A SERIES 
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serious damage had occurred due to the breaking 
of a bottom end bolt and consequent flailing of 
the connecting rod until the engine was stopped. 
The broken pieces were put together by stud 
welding, i.e. by studding the broken edges of each 
separate piece with { in. studs, assembling the 
pieces in their correct relative position and welding 
the studs together. The bedplate was afterwards 
reinforced in way of the repair by fitting a series 
of steel boxes placed in the recesses, bolted to each 
other through the webs and to the holding down 
bolts. Afterwards, a ¢ in. thick plate was laid 
across the bedplate girder and slot welded to the 
edges of the steel boxes, there being a lightening 
hole in each bay for access to the bolts. This 
temporary repair lasted for several years, in fact, 
until the vessel was broken up. 

When we come to fabricated steel bedplates, the 
emphasis shifts from cure to prevention as welded 
bedplates have brought their own troubles in their 
wake, and cannot as yet be considered an un- 
qualified success. Failures in the welded connec- 
tions range from small cracks which can be simply 
cut out and rewelded, to complete disintegration 
of the bearing pockets, and the incidence of failure 
in these steel bedplates has led some shipowners to 
return to cast iron ones. 

Consequently, breakdown in a welded bedplate 
needs something more than mere patching to put 
it right, it requires added strength in the right 
place. 


Figs. 18 and 19 illustrate the repair of, and rein- 
forcement to, a fairly common type of failure, 
that of the welds round the main bearing pocket 
and at the top of the radial ribs. In Fig. 18, after 
remaking the defective welds, a } in. curtain plate 
was fitted across the ribs on each side of the girder 
as shown, welded to the ribs and to the bearing 
pocket, care being taken to snipe the sharp corners 
and to weld round the gaps so formed. 
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Fic. 18. REINFORCEMENT OF A STEEL BEDPLATE 
CROSS GIRDER CRACKED AROUND WELDING AT THE 
MAIN BEARING 
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In Fig. 19 the bearing pocket was found to be 
cracked all round and to be virtually separated 
from its girder. A repair was made as follows: 
The radial ribs and the bearing pocket were re- 
moved and the old welding dressed off. A I+ in. 
thick rectangular doubler was then fitted on each 
side of the central web, close up to the bearing 
pocket which had been brought into true align- 
ment with the crankshaft. 

These doublers were then pegged to each other 
through the girder by means of 14 in. dowels to 
take the weight of the shaft, and subsequently 
welded to the bearing pocket and lateral shelf. 
After this operation, new radial ribs were welded 
in position, including two extra ribs. 

Fig. 20 shows a fabricated steel bedplate cracked 
below the shelf struts and into the bearing pocket 
corner weld. The struts were removed and the 
welds dressed flush, the crack veed out and welded 
and long brackets were fitted in place of the plate 
struts, as shown. 
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thing less than one minute. it will be found that 
upon cooling, the rotor will settle down lower than 
before applying the heat (of the order of 0-001 to 
0-002 in. per heat), and after a series of applica- 
tions the rotor will have sagged sufficiently into the 
true to enable it to be skimmed up and re- 
balanced. Needless to say, the heats will have to 
be carefully carried out, choosing different spots 
each time, and upon completion of the operation, 
the unit will require to be crack-detected. 


(b) Blading 


Another fairly frequent trouble is loose or 
broken blades, and Fig. 21 illustrates a method 
of balancing up a rotor which has suffered damage 
to two broken blades. The opposite blades are 
simply burnt off at the same height and the wiring 
and/or shrouding made good. This repair obviates 
the necessity of re-balancing, although in the event 
of any damage to a rotor, re-balancing is always 
advisable. 
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Fic. 20. REPAIR AND REINFORCEMENT TO A STEEL BEDPLATE IN WAY OF CRACKS IN WELDS 


TURBINES 


(a) Rotors 

A fairly frequent type of turbine failure is a bent 
rotor, usually the HP, and in nearly every case on 
record, the trouble started when the engine speed 
was reduced (or increased), such as when picking 
up or dropping a pilot. This trouble was seldom 
encountered in the old, low pressure/low tem- 
perature turbines, and in this respect the modern 
turbine seems to be less robust than the old- 
fashioned types. 

If the rotor is not too badly bent, it can be trued 
by a light skimming in the lathe, followed by re- 
balancing. If the distortion is more serious, the 
rotor will need to be faired by thermal means. 
This is simple enough in theory but is not to be 
lightly recommended unless expert advice is avail- 
able. In its essentials, the method used consists 
in reversing the process whereby the rotor became 
bent, i.e. by means of intense local heats of short 
duration. The rotor is placed between centres with 
the bowed side uppermost and a small patch at 
the highest part is heated with a torch for some- 
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Fic. 22. SIMPLE METHOD OF DEALING WITH 
ISOLATED BROKEN BLADES BY CROPPING OPPOSITE 
BLADES IN TURBINE ROTOR 


Fig. 22 shows how the blading cylinder of a 
turbine casing was found to be eroded, the first 
row of blading being in danger of falling out. The 
eroded part was machined away and replaced by 
a split steel ring bearing against the blade roots 
and held in position by 24 steel pins 4 in. diameter, 
caulked in place after hardening up. 


(c) Wheels 


Impulse wheels suffer quite a lot from their own 
peculiar troubles, and in Fig. 23, it will be seen 
that the pressure balance holes were found to be 
cracked at the edges, due to neglect of the elemen- 
tary precaution to round off all sharp edges. In 
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FiG, 23. CRACKS IN PRESSURE-BALANCE 
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HOLES IN IMPULSE WHEELS REMOVED BY ENLARGING HOLES 


this case it was possible to remove all the cracks 
by enlarging the holes and suitably rounding off 
the edges. 

In Fig. 24, which shows the rotor of a single 
cylinder turbine in a turbo-electric installation, the 
six after wheels became loose, causing heavy vibra- 
tion. The defective wheels were removed and the 
shaft was machined down to take a shrunk-on 
sleeve. This sleeve was fitted with the necessary 
keys, and the wheels, after being bored true, were 
then refitted. 

Cracked wheels, especially if they are integral 
with the rotor, present quite a difficult problem, 
and a very neat solution is illustrated in Fig. 25, 
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Fic. 24. LOOSE WHEELS REFITTED ON SLEEVE IN SINGLE CYLINDER TURBINE IN TURBO-ELECTRIC 
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NEW IMPULSE WHEEL AND DUMMY FITTED TOG REPLACE BROKEN WHEEL IN THE CASE OF AN HP 
TURBINE 


Fic. 25. 


where the impulse wheel of an HP turbine showed 2in. in radial thickness, was forced on and 


severe radial cracking from the balance holes into 
the radius of the rotor body. The wheel and the 
dummy piston were turned off just clear of the 
first row of reaction blading, and a special sleeve 
comprising dummy and impulse wheel, about 


dowelled by eight 1 in. diameter dowels screwed 
home and caulked over. This sleeve was supplied 
by the engine builders, but fitted abroad and has 
been accepted as a permanent repair. 


(d) Shaft 


Fig. 26 shows a most unusual repair to a LP 
turbine rotor shaft where the taper end, carrying 
the claw coupling, was found to be cracked. The 
broken taper was pared off and the end of the 
rotor was bored out to take a flanged stub shaft, 
shrunk in and further secured by six } in. fitted set 
pins. The end of this shaft was about 7 in. 
diameter and the stub shaft some 34 in. diameter 
by about 6in. long, the | in. thick flange being 
made as large as possible. 


51x ra FITTED PINS 


exactly three days before the whole of the reduc- 
tion gearing disintegrated and a complete set of 
new gears had to be flown out. 


Fig. 27 shows how a main wheel was tempor- 
arily repaired by using the millwrights’ technique 
of a century ago. The set comprised twin diesel 
engines driving a single screw through electric 
couplings and single reduction gearing, the ratio 
being 1:1°6, and the main wheel rotating at a 
maximum speed of 200 r.p.m. Several years ago, 
one of the engine pinions developed tooth breakage 
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FiG. 26. CRACKED TAPER FOR CLAW COUPLING RENEWED BY MEANS OF A SHRUNK-IN STUB SHAFT 
IN AN LP TURBINE 


REDUCTION GEARING 


While damage to main engine reduction gearing 
does occur from time to time, there is very little 
that can be done to repair the gears and a damaged 
pinion or wheel almost invariably places its prime 
mover out of service. 

Apart from the following instances, repairs to 
main reduction gears (as distinct from renewals) 
are few and far between, and tinkering with them 
is worse than useless. 

There is the case of a Chief Engineer in a re- 
mote foreign port who ordered six cracked teeth 
in an engine pinion to be cut out and built up by 
means of electric welding. The repair lasted 
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FiG. 27. METHOD OF DOVE-TAILING A NEW TOOTH 
INTO THE SHROUD OF A MAIN WHEEL IN THE CASE 
OF SINGLE REDUCTION GEARING 


and was renewed, and an examination of the main 
wheel revealed cracks in two separate teeth. As 
the wheel rim was of robust construction, the two 
cracked teeth were simply chipped off and two new 
teeth dovetailed into position, welded lightly at the 
four corners to prevent fore and aft movement and 
dressed up. This repair lasted for two years and 
gave complete satisfaction, in spite of breaking 
every canon of good engineering practice, but it 
is not one to be recommended. (NotTe.—In this 
particular drawing the tooth is drawn _ fore- 
shortened to show the details). 


Fig. 28 shows the cast iron centre of the main 
wheels in a nested type double reduction gear for 
a pre-war built turbine vessel. Several cracks were 
found in the spokes of both forward and after 
wheels, running from the lightening holes into the 
ribs. The cracks were simply drilled at their ends 
and have shown no signs of extending in the last 
seventeen years, although they are kept under 


constant observation. 


OLD CRACKS IN THE CAST IRON CENTRES 
MAIN WHEELS OF DOUBLE REDUCTION 
GEARING 
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In Fig. 29 is shown a turbine primary pinion 
with single helical teeth, the end thrust of which 
is taken up by a thrust strip on the inside face of 
each bearing. In the case under review, the for- 
ward face of the pinion became badly scored and 
could not be used as a thrust face. The after 
bearing was accordingly altered as shown, with 
thrust strips on both sides and a thrust collar was 
shrunk on to a reduced portion at the end of the 
journal (to form an abutment and to prevent in- 
ward movement). This collar was then locked into 
position by means of a locking plate, dowelled and 
pinned. 

A similar repair is shown in Fig. 30, although 
the reasons necessitating this treatment were 
different. Here, the teeth of one helix of the LP 
turbine double helical primary pinion were so 
badly damaged that they had to be turned off for 
their full length, and the drive was taken by one 
half pinion only, i.e. by single helical drive with 
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consequent end thrust. This thrust was taken up 
by fitting a thrust ring on each bearing (for ahead 
and astern running respectively) pinned to the 
inner faces and lined with white metal. 

As gearing tooth damage ranks fairly high in 
the list of turbine defects, it might not be out of 
place to sound a warning to anyone who contem- 
plates turning off part or all of a damaged helix 
in a double helical pinion. In the first instance, 
if at all possible, part at least of the affected helix 


should be retained intact to help counteract the 


end thrust caused by single helical action ; (in the 
case of single helical gearing as shown in Fig. 29, 
this thrust is taken into account in the design 
stage). 

Secondly, should one helix be machined off, 
fitting thrust devices on the pinion may protect the 
latter but will be of little use to the meshed wheel, 
which is now driven by one helix only and will 
promptly develop its own end thrust. Owing to 
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Fic. 29. TEMPORARY THRUST COLLAR FITTED TO THE LP PRIMARY PINION (SINGLE HELICAL) 


THRUST RING 


oF 


TEETH TURNED OFF 


(TZZZIN 


> BEARINGS Seater 


FiG, 30. TEMPORARY THRUST COLLAR FITTED TO THE LP PRIMARY PINION WITH ONE HELIX COMPLETELY 
REMOVED 


THRUST RING 


the larger diameter, however, this end thrust may 
also tend to distort the wheel structure, and in the 
case of fabricated centres, total collapse of the 
wheel could ensue. 

Having shortened the effective length of the 
pinion, it will then be necessary to reduce the shaft 
revolutions to avoid overloading the teeth, and 
the power to be transmitted will be proportional 
to the new tooth length, bearing in. mind that the 
power/r.p.m. relationship follows the cube law. 

Shoud the pinion prove to be too badly damaged, 
it will be necessary to remove it altogether and 
“compound” the turbine installation, i.e. by-pass 
the affected unit. In the event of damage to the 
HP turbine of a high pressure-high temperature 
set, it will be unwise to use boiler steam direct in 
the LP turbine, and some form of temperature 
moderator should be used, such as is illustrated in 
Fig. 31. This is simply a fabricated steel bend 
fitted with a restriction orifice to reduce the 
pressure and a perforated spray pipe of stainless 
steel connected to the feed discharge system, to 
reduce the temperature. 
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Fic. 31. STEAM TEMPERATURE MODERATOR USED 
WHEN “COMPOUNDING HIGH PRESSURE, HIGH 
TEMPERATURE TURBINES 


PROPELLING MOTORS 


The magnet wheels of electric propelling motors 
sometimes develop cracks in their spokes, and in 
Fig. 32 we see how these cracks were dealt with. 
The cast steel wheels of this double motor in a 
large turbo-electric installation had serious crack 
trouble which was finally cured by cutting out, 
very careful preparation and electric welding, 
crack detection being employed as the work pro- 
ceeded and the complete repair being gamma- 
rayed. 


The interesting part of this repair is the neat 
way in which the edge preparation was carried out 
by removing the minimum possible amount of 
parent metal. 


wf SPOKE SECTION 


DETAIL OF WELD 
PREPARATION 


1” HOLE 


Fic. 32. REPAIR TO THE CAST STEEL MAGNET 
WHEELS IN A LARGE TURBO-ELECTRIC INSTALLATION 


Repairs to magnet wheels are not always as 
straightforward as the above, however, and in the 
next example, Fig. 33, we have a veritable Rake’s 
Progress in the mechanical world. It concerns a 
fabricated steel wheel with 8 spokes of H section 
and when it first came into the picture some years 
ago a number of small cracks were observed at 
the junction of the spokes and the rim on the 
driving side (marked A). These cracks were welded 
up and the small triangular brackets were renewed 
by scalloped brackets on that side of the spokes 
only. Later on, similar defects were observed on 
the trailing side and scalloped brackets were fitted 
on this side as well. After a few months in service, 
another series of cracks were noted at the toe of 
the newly fitted brackets (marked B), also at the 
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Fic. 33. CONSECUTIVE REPAIRS TO THE FABRI- 
CATED STEEL MAGNET WHEEL IN A LARGE TURBO- 
ELECTRIC INSTALLATION 


junction of the spokes with the boss (marked C). 
These cracks were welded up and longer brackets 
were fitted at the outer, driving ends of the spokes, 
and small scalloped webs fitted between the spokes 
and on to the boss. Following another period in 
service, cracks were seen at the junction of the 
new scalloped web on the boss to the spokes 
(marked D), and again these were welded up and 
the webs were made off-set to match the outer 
brackets. After a while, some minor cracks 
(shown at E), had to be dealt with and a cure was 
effected by washing away the hard corner in order 
to soften the abrupt change of section. 


THRUST SHAFT 


To round off this review of main engine repairs, 
Fig. 34 shows a novel method of carrying out a 
temporary repair to the broken thrust of a small 
motor coaster. An old screwshaft was obtained 
and machined down to the dimensions of the 
broken thrust shaft, the flange being utilized for 
the thrust coupling. As the diameter of the thrust 
collar was greater than that of the screwshaft 
body, a steel make-up ring was shrunk on and 
faced up as shown. 
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Fic. 34. TEMPORARY REPAIR TO THE THRUST 


SHAFT OF A SMALL COASTER USING AN OLD 
SCREWSHAFT AND A STEEL MAKE-UP SHRUNK RING 


CONCLUSION 


Having seen how a number of different parts of 
machinery have been made good, it might be 
pertinent to ask oneself what are the attributes of 
a successful repair. Without a doubt, these are 
reliability, simplicity and speed, and as they are 
interdependent, they all have a bearing on cost. 
The latter is not just a question of labour and 
materials ; a misguided attempt at cutting down 
prices may result in a heavy bill for demurrage, 
should the vessel’s sailing be thereby delayed. 

Finally, several of the cases reviewed showed 
how screwshafts and other material had been used 
for purposes other than their true function, and it 
may be said that the most important quality shown 
by the people who carried out these repairs is 
imagination. Truly can it be said of them: 
“difficulties were promptly dealt with, the impos- 
sible took a little longer’. 
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Discussion on 
Mr. J. Guthrie’s Paper 


Marine Engine 


Repairs 


Mr. S. ARCHER, M.Sc. 


I would first of all like to congratulate the 
Author on what, I feel, must be regarded as a 
quite outstanding contribution to L.R.S.A. trans- 
actions, also to thank him warmly for all the time 
and effort he has expended for our guidance, 
edification and—may I say it—even enteriain- 
ment ! 

| have often thought that our profession in 
many ways resembles the medical profession— 
“ship doctors” as distinct from “‘ship’s doctors”. 
In common with them, we have our specialists 
and our general practitioners and the smaller the 
port the more “general” must our surveyor 
become and, like his medical colleague, the more 
likely is he to be called out at all sorts of ungodly 
hours! It is the “G.P.” surveyor, too, who must 
be specially skilled in “first-aid” treatment of 
casualties, sufficient to preserve life in his patient 
until the nearest convenient hospital can be 
reached. 

And that after all, I think Mr. Guthrie will 
probably agree, is really the subject of his paper 
to-night—marine engineering first-aid. 

I was, perhaps understandably, intrigued by the 
neat little bit of dentistry in Fig. 27, page 13, noting 
especially that the tooth appears to have been 
“stopped”. Could the Author state whether the 
gear in question was of helical (single or double) 
type, since if it was and there was a sufficiently 
high helix angle and wide enough face width, it 
would be quite an easy matter to make the tooth 
thickness under-size and thereby relieve the “sick” 
tooth of any load. I am not suggesting that this 
was in fact done, or if done, was deliberately 
contrived, but at least it might explain in part its 
astonishing performance! Incidentally, of course, 
it is always good practice to relieve a “sick” 
tooth of load whenever possible and this may 
sometimes entail a complete or partial extraction. 

The emergency thrust arrangements shown in 
Figs. 29 and 30 were of interest and for com- 
parison Fig. A illustrates a similar repair carried 
out in 14 days on a large tanker a year or two 
back in the sweltering heat and limited repair 
facilities of Aden. The gear was of the Parsons 
interleaved (or “split secondary”) type. The 


Fig. A 


forward helix of the main wheel fractured and 
had to be secured to the fabricated centre by 
means of bolts. To clear the damage, it was 
decided to burn off and grind smooth the teeth 
in the forward helices of the H.P. and L.P. 
secondary pinions and run the second reduction as 
a single helical gear. It was, therefore, necessary 
to devise suitable thrusts at the after ends of these 
pinions in the manner shown in Fig. A. The 
ahead and astern thrusts were taken on the 24 
white-metalled kidney pads shown and enabled 
the vessel to proceed for loading and return to 
Europe at 60 R.P.M. corresponding to about 10 
knots. The emergency thrust bearings operated 
perfectly throughout the voyage and the repair 
reflects, I think, the highest credit on all con- 
cerned. 

On the subject of broken crankshafts, Fig. B 
shows an emergency repair to a 5-cylinder aux- 
iliary engine shaft which fractured through a web. 
The crack was vee’d out on both sides as shown 
and electrically welded, using preheat. Finally, 
a heavy ring was shrunk on to the circular webs 
and, greatly daring, tap bolts were screwed 
through the highly stressed hoop material into the 
crank web in order to attach the necessary 
balance weight! This is definitely nor the kind of 
repair which could be recommended, but despite 
the violation of “every canon of good engineering 
practice” (to quote the Author’s own comments 
on Fig. 27!), the repair lasted for 34 years and 
was the second one to have been made in this 
manner! It is probable that the success of the 
repair owed not a little to the compressive stresses 
induced in the weld by the shrunk ring. 

Fig. 25 shows a neat repair to an H.P. turbine 
rotor but a noie of warning might not be out of 
place. Calculations recently carried out in Engine 
Plans Dept. on a somewhat similar repair to an 
L.P. astern turbine showed that the selection of 
the correct interference fit was a matter of some 
importance if this was not to be lost under the 
combined influence of centrifugal stress and 
thermal stresses resulting from a _ temperature 
gradient falling from outside to inside, as would 
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Big B; EMERGENCY REPAIR TO AUXILIARY ENGINE CRANKSHAFT. 


be the case in such a design. I would, therefore, 
have preferred to use a stepped shrink in Fig. 25 
in order to give a greater security of grip in way 
of the Curtis wheel. However, the fitting of 
rounded dowels as shown was a useful safeguard 
and much to be commended. 

To introduce a lighter note, I was reading a 
copy of the “Norske Veritas” journal recently 
and was somewhat intrigued by the following 
emergency main propulsion “repair” reported 
from the Arctic in the days before radio. A 
wooden sealer lost her propeller in the ice when 
far from succour and prospects looked decidedly 
dim. Luckily, however, there was a resourceful 
man among the crew who reasoned that if one 
still had on board a good and usable winch which 
the main engine could drive, it ought also to be 
possible to arrange some means of progress for 
the vessel. So seizing axe and saw, he quickly 
devised suitable wooden bearings on each bulwark 
for the derrick boom arranged athwartships. On 
to the ends of the boom he bolted shifting boards 
from the hold to serve as paddles. With the aid 
of a wire rope as a driving belt from the winch 
he thus converted the vessel to a paddle boat 
“a la Fulton” and with this equipment eventually 
made port. 

“T admit it was pretty slow”, the skipper said 
afterwards, “but then the early paddlers were not 
exactly greyhounds either!” 


Mr. J. H. MILTON 


In opening this discussion, I think the first 
thing to be done is to thank Mr. Guthrie for 
presenting to us a paper which contains so much 
of interest to all who have had, or are likely to 
have, anything to do with engine repairs during 
the course of survey work. There are several 
points I would like to make, some of which are 
in the nature of queries and others are enlarge- 
ments on repairs mentioned in this excellent 
paper. 

Page 2. I think the caption to Fig. | “in lieu 
of dowels” is slightly misleading. The positioning 
discs were not serving the purpose of dowels but 
were, it is presumed, something to do with loca- 
tion during the assembly of the cranks. 

Page 2, Column 2, (top). A crack at the forward 
end of a tailshaft keyway is usually a sign that 
there has been a severe stress concentration at 
that point—probably through the propeller being 
a poor fit on the large end of the cone. Surely 
there is a limited case for intelligently applied 
“spooning out”, provided the cracks are shallow 
and entirely removed, and also at the same time 
the fit of the propeller is made good, thus 
removing the stress concentration ? 

Page 4. The repairs illustrated on this page 
depend for their success on the fit of the tap bolts 
securing the fabricated members to the castings. 
My experience of such tap bolts is that it is not 
easy to get them of such a fit that they each take 
their fair share of the load, and in such cases I 
think it is better to use “Scotch plugs”. The 
principle of these plugs is as follows: the mild 


steel structure to be attached to the casting is, 
after bedding, fixed in position by one or two 
small tap bolts and then a predetermined number 
of holes is drilled through both the mild steel and 
cast iron to take screwed plugs of the size 
required. The holes are then tapped and the 
“Scotch plugs” as shown in sketch are screwed 
home and their heads twisted off. Morse taper 
pins are then driven hard into the central holes 
of the plugs, thus expanding them out into mild 
steel patch and casting so that each plug takes 
its fair share of the load. 
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Page 8. Fig. 14 shows a novel repair to a 
crankshaft with a “welded in” bobbin piece. In 
this repair a lot of welding was apparently done 
on to two thin discs covering the central holes in 
the journals—the beneficial effect of which would 
be negligible. Is it to be concluded that the 
bobbin piece was made chisel-shaped in an 
endeavour to get a homogeneous weld right across 
each end of the bobbin piece ? 

Page 9, Column 1, line 22. “Failures in the 
welded connections range from small cracks which 
can be simply cut out and rewelded’”—Cracks in 
bedplates are not always simply dealt with owing 
to difficulty of access and oil, also they often 
reappear owing to the fact that the cause has not 
been removed, and has in fact been aggravated 
through additional stresses being put in by the 
un-stress-relieved repair weld. 

Page 9, Column 2, Fig. 18. The repair shown 
here is one which we have recommended on 
several occasions and on subsequent examination 
has shown further fractures in the welding—I 
think the cause of the further cracking is that 
when four separate sector plates are used, there 
are too many welds pulling against one another 
and that it is better to use one plate right across— 
cradling the pocket on to the two heavy top 
plates of the cross-girder. 

Page 10. With reference to repair shown in 
Fig. 19, would it not be better to hold the doublers 
and the centre girder plate together temporarily 
whilst welding and then subsequently to ream out 
and fit the 14 in. dowels ? 

Page 10—Tursines. Jt should be pointed out 
that thermal straightening is somewhat of a 


specialised art not to be undertaken by any small 
repair yard and, whereas it can be satisfactorily 
accomplished in the case of ordinary mild steel 
rotors, it is a doubtful procedure for alloy steel 
rotors on account of the possibility of subsequent 
cracking ; also, after such a straightening has been 
accomplished, it is as well to have a thermal 
stability check. 

Page 16. The novel temporary repair for a 
broken thrust shaft would possibly have been 
improved if a step had been embodied in the 
shrink between ring and screwshaft so that when 
running ahead the step tended to relieve the shrink 
of load. 

I would like to thank Mr. Guthrie for a most 
interesting paper on a subject most Surveyors are 
keen on. In effecting temporary repairs, I feel 
sure that the thing that matters most is that the 
Surveyor concerned has confidence in his judg- 
ment of what is strong enough to do the job for 
the necessary period. Time does not permit of 
lengthy calculations and, bearing in mind that it 
is only a “get you home” repair, he must at times 
adopt methods and practices not normally used. 


Mr. N. KISSELL 


The Author in his opening remarks stated that 
his principal idea in producing a paper of this 
nature was in the hope that it might benefit the 
young Surveyor who might at some time find 
himself posted to some small port abroad where 
facilities for major repairs are limited and 
incidentally when the Surveyor’s experience to 
repairers is invaluable. 

An example of this is worth while relating : — 


The oil engine, 4 S.A. 8 Cyl. 30 in. dia. solid 
injection with 2-4 plunger type fuel pumps 
(4000 p.s.i. press.) gear driven, connected to the 
main engine columns at starting platform level. 

I now quote from the Surveyor’s Report 10, 
viz., “It is reported that the m.v. Vessel left New 
Westminster at 8.45 a.m. on December Ist, 1934. 
Shortly after leaving port, the after fuel pump on 
the main engine failed and the vessel was brought 
to anchor in the Fraser River. 

“The after fuel pump was dismantled and sent 
ashore to the repairers in Vancouver, and the 
undersigned examined the damaged pump at their 
plant on the evening of December Ist. 

“The main casting (approx. 4 ft..6 in. x3 ft.) 
which carries the guides and the main bearings, 
and to which the oil cylinders are bolted, was 
found to be fractured in two places. First—for 
the whole width of the casting immediately below 
the guides. Second—for the whole width of the 
casting at the back of the main bearings. 

“Tt was recommended that the broken parts be 
held together by strongbacks, veed out at the 
breaks and electrically brazed. 

“The driving wheel, which fits on the after end 
of the pump shaft, was found to have one tooth 
broken for the whole width of the wheel and two 
teeth part broken. 


“The undersigned recommended that new teeth 
be electrically brazed to same and the wheel 
tested on lathe and refitted to the shaft. 

“After the damaged pump casting had been 
repaired it was found necessary to plane up the 
back face of the casting and to rebore the bearing 
housings. 

“The ship’s engineers refitted the pump in posi- 
tion having previously transferred the shaft into 
the other pump and fitted the forward pump into 
the aft position. 

“A successful trial under power conditions was 
carried out on December 3rd.” 

Well, that is the Surveyor’s Report 10, all looks 
very simple and straightforward, but was it? 
What the Surveyor omitted to mention was that 
he personally : — 


1. Recommended that the repairs be carried 
out by electric brazing. 

2. Recommended type and position of the 
strongbacks. 

3. Checked 
strongbacks. 

4. Supervised the veeing out of the cracks and 
brazing operation. Due to the position of the 
fractures, this work had to be carefully controlled 
in order to maintain true alignment of the guides, 
etc. Repeated checking was carried out, again 
by the Surveyor. 


5. Supervised the making and brazing of the 
new gear whee! teeth. 


The Surveyor states in his Report 10 that it 
was found necessary to plane up the back face of 
the pump casting—as no shims were necessary 
when the pumps were re-aligned, the amount 
planed off must have been negligible, a credit to 
all concerned. 

The number of hours the Surveyor spent on 
the job is anybody’s guess, his enthusiasm certainly 
inspired the engine room personnel. 

From the above it is obvious that, time permit- 
ting, young Surveyors should endeavour to 
witness repairs in progress and not merely attend 
trials after repairs are completed. 


the alignment after fitting the 


Mr. J. H. NAIRN (Lisbon) 


I should also like to thank Mr. Guthrie for his 
paper which is most interesting, particularly to 
those of us who, as he says have to make good 
and mend without the resources of engine builders 
to assist them. I expect that there will be a good 
response in the discussion of the paper as we all 
like to think that at some time or another we have 
succeeded as stated in the conclusion in using our 
imagination and ingenuity in carrying out a suc- 
cessful repair and we like to inflict our friends 
with all the details. 

Regarding the repair to the crankshaft “Z” 
coupling illustrated in Fig. 9 in the paper, I think 
it is important to state that a thin distance piece 
in plate form was secured by welding in the 
narrow space on the crank axis side between this 
broken coupling and the side crank web to which 


it couples. This assists in removing the bending 
moment across the coupling face. When the 
original defect was discovered in a foreign port 
and vessel returned to Lisbon on the starboard 
engine only the Chief Engineer stated that the 
fracture could be seen to be opening and closing 
very appreciably due to the movement of the 
vessel although no really heavy weather was 
experienced. 

Regarding temporary repairs for broken crank 
pins as shown in Figs. 10 & 11, the Writer once 
fitted “bridges” similar but heavier and of the 
same type as are used when crankshafts are 
turned in the lathe, to a broken pin in one of the 
twin diesels in an Argentine fleet auxiliary. Two 
bridges were welded across the webs of the 
fractured crank pin on each side and additional 
widths of heavy flat plate at other points around 
the periphery of the webs. Fitting the plates in 
several widths instead of in one solid plate as 
shown in Fig. 11 has the double advantage of being 
easier to fit and allowing more welding connection 
also allowing fracture in pin being kept under 
observation. The bridges being also spigotted 
between the webs prevents the welding drawing 
the crank out of alignment. Care being taken 
with welding sequence this repair was done with- 
out removing crankshaft from engine crankcase, 
shaft being checked from time to time during the 
repair to ensure that no deflection was taking 
place. After repair the fracture could scarcely 
be discerned and remained the same till a new 
shaft was obtained in about a year’s time. 


In Fig. 14 if the fracture has penetrated all the 
way through the crank web it looks somewhat 
dangerous to leave it without some tying arrange- 
ment across it even although this crank is no 
longer a working one. Regarding the fairing of 
turbine rotors by the method of local heating it 
has been unofficially stated by several of the 
experienced authorities of this process that the 
rotor should never be skimmed up as a final true- 
ing procedure. Experience evidently having showed 
that the rotor has more possibility of deforming 
again in service, as it is considered the material 
removed disturbs the balance of the forces which 
have faired the rotor. 

Many repairs to rotors or casing where these 
have been slightly damaged locally or locally 
corroded can be very simply repaired by turning 
off the affected area and in this region fitting new 
blading with larger root position than in the 
original blades but retaining the working portion 
in the same position. In most cases new blades 
require to be made in any case and they can be 
re-designed to suit the circumstances. 

Finally, carrying out these types of repairs 
in many parts of the world has taught the Writer 
that what has been successful in one place may 
not be successful in another, so much depends on 
the previous experience of the operators. After 
having made suggestions it is very often more 
than good policy to ask the repairer whether he 
has an alternative. If this alternative is reason- 
able and he has employed it in somewhat similar 


circumstances one generally finds that so much 
more care and attention will be given to doing it 
by his method that the result will be better than 
would have been the case if the original method 
had been insisted upon. Also in a surprising 
number of cases a combination of the two 
methods proves to be the ideal for that locality. 


Mr. J. WORMALD, B.Sc. 


The great value of a paper such as that given 
to us by Mr. J. Guthrie is that it encourages other 
contributions and our combined effort provides 
a useful reference book for Surveyors in outports 
who may be faced with problems which are only 
remotely comparable with the examples given in 
the present valuable and interesting paper. The 
text and the drawings should give the Surveyors 
ideas; they should demonstrate that unorthodox 
methods can be just as effective as orthodox ones 
either for permanent or temporary repairs and, 
by describing repairs which have not been carried 
out strictly in accordance with Rules or con- 
vention but which have proved effective, they 
should give the Surveyor the confidence which is 
necessary if he is to combine initiative with tech- 
nical ability. 

Breakdowns do not follow a regular pattern 
and many different factors have to be taken into 
consideration when deciding upon the nature of 
the repair to be effected. In these circumstances, 
it would be unfair to criticise any of the repairs 
described by Mr. Guthrie but no harm can be 
done by describing experiences and repairs which, 
by reason of different circumstances, had to be 
dealt with in some other way. 

Mr. Guthrie gives Surveyors very good advice 
when he says that it should first be established 
that a repair is actually called for and he gives 
us two examples, one factual and one apocryphal. 
Two factual cases appear to justify inclusion in 
this contribution, if only as a warning that 
extreme caution is always necessary. 

A turbo-electric tanker went from port to port 
and at each port the Chief Engineer reported 
excessive vibration to any available Classification 
Surveyor ; in each port he said he had no time to 
do any opening out, and each time he was given 
a certificate postponing action to the next port 
of call. Interested parties decided to call a halt 
to this and we (i.e. Lloyd’s Register Surveyors) 
were asked by the Salvage Association to give an 
independent report although the ship was not 
classed with the Society and no specific cause of 
damage was alleged. 

An extensive sea trial in ballast conditions was 
carried out and nothing abnormal was _ notice- 
able; the Owners and the Salvage Association 
were advised accordingly. We were then asked to 
carry out further trials in a different ballast con- 
dition at varying speeds and as far as possible in 
shallow water but the result was exactly the 
same. We were then told that a “Port Engineer” 
and an “Operating Engineer” were being flown 
from the other side of the world to investigate 
and we attended a third set of trials with them 


and they agreed that the result was still the same. 
These two Executive Engineers said their orders 
were that neither the ship nor they were to leave 
the port until the reasons for the Chief’s allega- 
tions had been established to their entire satisfac- 
tion. To cut a long story short, they played 
about with the tanker’s machinery for weeks and, 
to fill in time, they paid social calls on almost 
every tanker that came into the port. A chance 
remark from a junior engineer on another 
tanker put them on the track—he said, in all 
innocence, that he had been in another port at the 
time the tanker in question had had a complete 
“black-out” of the electrical installation when 
entering the port. The Chief Engineer for a 
reason best known to himself had decided to 
withhold reference to this mishap from all official 
records but, becoming anxious lest some damage 
to the turbine might eventually come to light, he 
elected to complain of unexplained vibration in 
the turbine in order to protect himself. 

Another case concerns the impulse wheel of an 
H.P. turbine in an almost new ship. The edges 
of the pressure balance holes were very rough and 
the Surveyor thought a mark radiating from a 
nick in the edge of one of these holes was a crack. 
The Superintendent Engineer did not disagree but 
he called in a firm of consultants who regularly 
operate crack-detecting apparatus. In this case 
the consultants used a magnetic crack detector, 
observation being aided by employing a fluores- 
cent liquid and ultra-violet rays and they were 
very definite that the mark was a crack ; neither 
a file nor emery stone made any impression on 
the ultra-hard skin of the material and, before 
digging any deeper, it was decided to inform the 
engine builders of what had been found. They 
sent their representative, a metallurgist, who 
agreed that what we saw was a crack but he had 
no hesitation in saying that it was confined to the 
very hard black surface scale, or layer of oxide, 
which itself had much stronger magnetic proper- 
ties than the parent metal. A high speed grinder 
proved his view to be correct and the balance of 
the rotor was not disturbed in any way. 


This case illustrates how interpretation of the 
evidence afforded by modern techniques can be 
misleading when it is not backed by a thorough 
and scientific knowledge of the material under 
observation. It is the opinion of many experienced 
Surveyors that none of the modern techniques is 
infallible, even in the hands of the most experi- 
enced operators, and Mr. Guthrie’s comments on 
whether Surveyors are justified in treating them 
only as “Aids to Navigation” and relying to a 
greater extent on their own judgment would be 
welcome. 

Temporary repairs should combine effectiveness 
with no unnecessary expense and a very simple 
clamping device has been used successfully in two 
dissimilar cases. The clamp itself consists of two 
channel bar sections and two screwed through 
bolts, the size of bar and bolt depending on the 
job. One bolt passes through holes at the end of 
the two bars with the adjusting nuts between the 
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bars, this acts as a distance piece or fulcrum; the 
other bolt passes through holes at the centre of 
the two bars and is used to apply the load to the 
job which itself is fixed between the other end of 
the two bars. In the first case, three or four of 
these clamps were placed round the periphery of 
a cast iron centrifugal circulating pump casing 
which had wasted away internally and eventually 
split circumferentially into two pieces ; the clamps 
were tightened up gradually until the two halves 
of the casting had been drawn together and the 
whole job was then boxed in cement. In the 
second case, about half a dozen of these clamps 
were arranged around an H.P. cylinder and valve 
chest casting which had cracked circumferentially 
in way of the half height rib; the crack itself was 
made reasonably steam-tight by means of a 
studded soft copper patch and, at reduced pres- 
sure, the engine ran satisfactorily to the steamer’s 
home port, 1,500 miles away. (See sketches on 
page 6.) 

Before it became commonplace to fly machi- 
nery parts abroad in cases of emergency, a round- 
the-world motorship broke both rams of the 
hydraulic steering gear. Replacement of the rams 
by shipment from home or by manufacture on 
the spot would have involved weeks of delay. The 
crosshead of one ram was badly broken but it 
was decided that it could be repaired by means of 
welding, and by fitting welded brackets and/or 
clamps as reinforcement, and this repair was satis- 
factorily carried out. 

The second ram was broken in the parallel 
portion a few inches away from the connection to 
the crosshead; this was repaired by fitting a 
machined and bolted clamp in way of the break 
and, as an additional precaution, by fitting a few 
small dowels through the clamp and ram to 
prevent movement of the two parts of the ram 
relative to each other. The fitting of this clamp 
necessarily reduced the angle of travel of the 
rudder but the temporary repair was sufficient to 
enable the ship to withstand all the efforts of an 
Atlantic hurricane off the American coast. New 
rams should have been waiting to be fitted at 
New York, they hadn’t arrived and the ship went 
round the world again with the temporarily 
repaired rams. 

Mr. Guthrie has confined his remarks to certain 
parts of the engines which he has specified in his 
Opening synopsis but the underlying ideas and the 
techniques can undoubtedly be applied to an 
infinite variety of problems. All of us have been, 
or will be, at some time faced with machinery 
breakdowns and Mr. Guthrie’s paper, associated 
with the discussion, contributions and comments 
which it is bound to promote, should prove of 
immense practical value to a large number of our 
colleagues. 

Modern communications and travel arrange- 
ments have made it possible to fly men with 
specialised knowledge, and every conceivable kind 
of replacement, to remote parts of the world in 
a minimum of time. These facilities should offer 
a challenge to our own professional pride and 


this paper should encourage individual Surveyors 
to accept this challenge by devising and recom- 
mending repairs which, without any loss of 
reliability, will prove practicable and more 
economical than transporting men and material 
round the world in aircraft. 


AUTHOR’S REPLY 


To Mr. ARCHER 


The simile between the Lloyd’s Surveyor and 
the general practitioner is very apt, but I would 
prefer to consider the subject matter of the paper 
under review not as marine engineering first-aid 
but as surgery; after all, of the 34 different types 
of repair dealt with, 22 were ultimately considered 
as permanent repairs. 

The gearwheel mentioned in Fig. 27 was of the 
single helical type, but the tooth characteristics 
are not known in Head Office as the vessel was 
not built to Class. Indeed, the only reason for 
such an unorthodox repair being accepted at all 
was the fact that it was carried out some years 
prior to the classification survey and had given 
trouble-free service. 

The illustration of a repair to a 5-cylinder auxi- 
liary engine shaft is interesting and a similar 
repair is shown below with one significant differ- 
ence: the tap bolts were fitted into the web before 
shrinking on the steel band. The crankshaft 
of a 3-cylinder auxiliary diesel engine, built in 
1920, broke through the web of No. 2 crank 
and was repaired in, of all places, Vladivostok, 
under the superintendence of the local Lloyd’s 
Agent Surveyor. Unfortunately, the report does 
not state how the shrunk-on ring was slipped over 
the end crankwebs to get to No. 2 crank. 


SHRUNK ON STEEL BAND 1” THICK 
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In connection with the fitting of a shrunk-on 
dummy piston and Curtis wheel to the H.P. 
turbine shown in Fig. 25, Mr. Archer sounds a 
timely warning on the need for extreme care in 
handling the shrinkage allowance, and it is felt 
that due caution is fully justified. However, the 
centrifugal and thermal stresses in a turbine rotor 
are difficult to assess and the calculated values 
would not be any more accurate than the 
estimated figures based on sound judgment. 


Besides, it is doubtful if many outport Surveyors 
could compute the hoop stresses for a shrink fit, 
and with demurrage at £500 a day, the Owner 
would chafe at the delay in referring the matter 
to Head Office. 

In this type of repair, the watchword should 
be: “If it looks right, it is right”. 


To Mr. MILTON 


The caption under Fig. 1 reading, “Main engine 
crankwebs showing welded-in discs in lieu of 
dowels” is misleading as the discs are for posi- 
tioning only and should not be considered as 
dowels. 

On the theme of cracks in the cones of screw- 
shafts Mr. Milton raises a most controversial sub- 
ject. On consulting my notes, I find a case where 
a small crack was removed from the top of a 
screwshaft keyway in 1952 and to date that shaft 
is still giving excellent service. In another case 
in similar circumstances, the crack reappeared 
8 in. long after twelve months. Between these 
two extremes there are numerous cases on record 
where cracks have reappeared in  screwshafts 
shortly after being ground out, and it must always 
be borne in mind that the screwshaft is the most 
vulnerable item of machinery on board, and one 
for which no emergency repair has yet been 
devised. 

The official view is that when a crack has been 
removed from the cone, the vessel’s class is made 
subject to the propeller being backed off for an 
examination of the cone after twelve months’ 
service. However, should any surveyor still have 
doubts about a cracked shaft he can reduce the 
problem to the premises and conclusion of formal 
Aristotelian logic: — 


(a) The strength of a shaft is proportional 
to the cube of its diameter (all other things 
being equal). 

(b) Removing a defect reduces the effective 
diameter. 

(b a) Removing a_ defect 
strength of a shaft. 


The two steel discs mentioned in the repair to 
the crankshaft shown in Fig. 14 were simply to 
stop up the central hole in the journals. They 
were welded into the cored recess and it is 
assumed they were so placed to enable the welder 
to weave smoothly back and forth along the gap 
and so obtain a homogeneous weld without having 
to “jump” the hole each time. 

As this repair has excited considerable com- 
ment, it might not be out of place to give an 
abstract from the Chief Engineer’s report after 
the first repair was carried out (April, 1946): 
“The distance piece was welded to the aft section 
of shaft first: the first run was with 4 mm. rod, 
the second with 5 mm. rod and the remainder 
with 6 mm. All welding was horizontal and the 
shaft was turned after each bead. Until the weld 
had been built up to 80 mm. in width, all welding 
was athwartship. Thereafter it was carried out 
fore and aft and finished up circumferentially. 


reduces the 


After completing the after weld, the forward 
section was welded in place, vertically, to allow 
welding from both sides simultaneously. This 
was with 5 mm. rod until 65 mm. wide, then 
horizontally to complete with 6 mm. rod. Bear- 
ing clearances were controlled with the bridge 
gauge and clock gauge and there was no anneal- 
ing of the weld. When the shaft cooled down a 
total shrinkage of 3:5 mm. was observed. To 
compensate for this, yg in. was machined off the 
(thrust) ahead pad seating ring and ;y in. liner 
was fitted to the astern pads seat. 

“On trials—between 70-80 R.P.M.—the engine 
vibrated violently. Above and below that range, 
vibration was reduced. Speed on passage home 
was 90-95 R.P.M. with little vertical or horizontal 
vibration aft, while propeller sings frequently.” 

It would thus appear that the phenomenon of 
singing is not necessarily a characteristic of pro- 
peller dimensions. 

This engine was repaired in similar fashion in 
May, 1948, and whilst being prepared for trials 
a most unusual accident occurred to the No. 4 
piston, which had been hung up on its hanging 
bar clear of the welded crank. Owing to a leaky 
starting air valve in No. 4 cylinder cover, an 
accumulation of high pressure air shot the piston 
into the crankpit, causing considerable con- 
sequential damage. The moral for the younger 
Surveyors is obviously to remove all idle com- 
ponents from inside the engine and not to trust to 
hanging bars; also to remove the starting air and 
fuel valves and blank off the pipes. 

Mr. Milton quite rightly objects to the state- 
ment that cracks in bedplates can be simply cut 
out and rewelded. Unfortunately, this phrase has 
been quoted out of the context, the full sentence 
being: “Failures in the welded connections range 
from small cracks which can be simply cut out 
and rewelded, to complete disintegration of the 
bearing pockets .. . . ” Obviously, most failures 
fall between these two stools and require con- 
siderable repair but that fact does not preclude 
the simple reweld of a minor crack. 

In the bedplate repair shown in Fig. 19 it is 
agreed that the 14 in. dowels should have been 
fitted after welding the doublers, not before. On 
the other hand, a repair of this nature is usually 
a compromise between what should be done and 
what can be done in the limited time available, 
as many of the failures in fabricated steel bed- 
plates are due to indifferent design coupled with 
insufficient care in the setting up before welding. 

I agree that thermal straightening of a bent 
rotor is a specialized art, not to be lightly under- 
taken by the Surveyor without expert advice. 
However. when he is confronted by a breakdown 
of this sort in a small port, the Surveyor often 
has no choice but to use his own judgment and 
hope for the best. 

The temporary repair to a broken thrust shaft, 
shown in Fig. 34, could have been improved by 
stepping the shrunk-on ring but only at the 
expense of reducing the diameter of the after 
flange. Unfortunately, the details given in the 


report on this case did not show if this flange 
could be reasonably reduced below the diameter 
of the old screwshaft, but I gather that this screw- 
shaft diameter was critical and determined the 
feasibility of the repair. 


To Mr. KISSELL 


The breakdown described in this contribution is 
very interesting and illustrates the background 
against which many major repairs are carried out, 
and one hates to think of the mental energy 
expended by the various Surveyors in repairing 
some of the engine failures reported in the Paper. 

Mr. Kissell, however, is too modest in that he 
could so easily have described an emergency repair 
to the fractured columns of a main diesel engine 
by, quite literally, binding the parts together with 
wire. Mr. Kissell, as chief engineer, requisitioned 
the vessel’s forestay and wrapped it round the 
main engine, over the cylinders and below the 
bedplate, and tightening everything up by means 
of bottle screws and wedges. 

My own contribution to the repair, as second 
engineer, was to reeve the wire below the bedplate 
and dodge a tidal wave of oily water every time 
the vessel rolled. 


To Mr. NAIRN 


The remarks on the repair to the crankshaft 
shown in Fig. 9 are most illuminating in regard 
to the behaviour of the coupling after fracture, 
and they give one the impression that the bedplate 
was lacking in rigidity. At the same time, fitting 
a liner between the web coupling faces would 
stiffen up the shaft in that particular area and 
produce the reverse effect of that originally 
designed: a rigid shaft in a flexible bedplate. 
However, the vessel sailed many thousands of 
miles on this repair, which in itself is mute testi- 
mony to the skill with which this failure was 
dealt with. 

In Fig. 11, I agree with Mr. Nairn that a better 
control of welding would have been obtained by 
fitting the enveloping plate in separate, smaller 
sections. 

In Fig. 14, the crankwebs are drawn in position 
to show the fracture and give scale to the sketch. 
They were removed by burning before welding 
Operations, mainly to allow access to the bobbin 
piece. 

High alloy steel is a temperamental material to 
work with, and straightening a bent rotor by spot 
heating is a brutal method at best. But when no 
dynamic balancing equipment is available at his 
port, the local Surveyor has no choice in the 
matter and must true the rotor up in the lathe 
before refitting, with a recommendation for it to 
be further dealt with upon arrival at a home port. 
Without being dogmatic about it, I am fairly 
confident that Head Office has no record of 
failure of a rotor on the passage home after fair- 
ine by thermal means. 

Repairing a turbine rotor or casing by turning 
off a wasted landing and making new blading to 


suit is feasible provided the same root profile is 
maintained, as the new blades can then be con- 
veniently ordered from the engine builders. But 
altering the size cr shape of the blade roots 
usually means the manufacture of special broaches 
and for only a few score blades, this would add 
considerably to their cost. 


To Mr. WorMALD 


The two cases mentioned by Mr. Wormald 
amply confirm the warning given earlier on that 
the Surveyor must find out the primary cause of 
a breakdown before settling on a method of 
repair. In a case personally dealt with some years 
ago, whilst abroad, no reason could be found for 
the damage to the port La Mont boiler in a 
locally owned steamer. On two separate occa- 
sions the vessel made port on one boiler only, the 
other having failed through burnt-out tubes. The 
boiler was carefully examined and re-examined, 
tubes tested for stoppages, nozzles calibrated, and 
all to no avail. Finally, we were put on to the right 
track through a chance remark from a greaser on 
the second engineer’s watch, who happened to 
mention to a colleague that sometimes, on taking 
over the watch, the port boiler circulating pump 
was found to be stopped! These pumps were 
electrically driven and were fitted in the thrust 
recess, and had not at that time been fitted with 
an alarm device. 

The use of clamps, as illustrated by Mr. 
Wormald, to hold castings together is new to me 
but seems to be a very useful and easily made 
contrivance, using materials to be found in every 
engine room. 

The use of modern techniques in crack detec- 
tion is to be encouraged, but not at the expense 
of the Surveyor’s judgment. Most Surveyors 
have had the disturbing experience of finding 
cracks in a welded joint brought out by magnetic 
crack detection but which are not apparent on 
the radiographs. Again, some techniques using 
electronic equipment need highly trained operators 
who may not have the specialised knowledge 
required by Surveyors and they are thus not 
capable of translating their findings into practical 
terms. In my opinion, the Surveyor should not 
put any faith in the newer types of non-destruc- 
tive testing unless he is in a position to carry out 
his own interpretation, and in any case, the new 
technique should never take the place of personal 
examination. When all is said and done, there 
is no substitute for common sense. 


To Mr. ALLAN 


Mr. Allan advisedly draws our attention to the 
need for avoiding hard spots in any fabricated 
structure, and shows a very simple and straight- 
forward method of repairing cracked spokes in 
magnet wheels. The design of the welded spokes 
leaves much to be desired, and it is surprising 
that the motor ran for 11 years before showing 
signs of trouble. 
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CONCLUSION 


The problem of shrink-failure in built-up crank- 
shafts has caused many Surveyors considerable 
worry, but because this phenomenon is considered 
to be a mechanical breakdown rather than a 
repair, it was not specifically mentioned in the 
Paper and was not brought out in the discussion. 
However, a number of colleagues have mentioned 
the subject, and perhaps a few notes on this 
matter may serve to keep it in its proper perspec- 
tive. 

Firstly, failure of the shrink-fit in a crankshaft 
manifests itself in two different ways, thus :— 


Type (a) 

The gradual loosening of the dowels and/or the 
journal inside the web, usually at the after web 
of the L.P. crank in a steam reciprocating engine, 
and the only repair for this breakdown is renewal 
of the journal. An emergency, get-you-home, 
repair can be effected by boring out larger and 
deeper dowel holes, tapping out with a fine thread 
and screwing home slightly tapered dowels. 

In the case of incipient slackness of a steam 
engine crankpin, temporary repairs should cause 
no undue worry as this component does not trans- 
mit torque, and colleagues who have worked on 
the old-time paddle engines will appreciate this 
remark when they recall the floating crankpins 
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fitted to the shafts, see sketch below. Therefore, 
provided the pin cannot work out of position, it 
should be able to carry its full share of load for 
the voyage home, where it should be renewed. 


Type (b) 

The sudden slip and partial rotation of a web 
around its journal, followed by re-seizure, the 
rotation varying from a fraction of an inch to 
10 in. This failure is the result of sudden stoppage 
of the engine due to external causes: stranding, 
fracture of piston, rod, liner, etc., and it will be 
found that the seizure of the journal in its new 
position will be as positive as the original shrink- 
age. So far as I have been able to ascertain, 
there is only one instance on record where the 
same journal slipped twice (case 4 in the table, 
where each damage was caused by a _ broken 
piston rod in the same cylinder unit), the total 
radial displacement being one inch, and the shaft 
is still in service! Consequently, when a break- 
down such as this occurs, provided the primary 
damage is not too great, the crankshaft damage 
is not as disastrous as it sounds. The alignment 
will need to be verified and possibly the injection 
timing gear will require to be brought into phase. 

A table of ten selected cases is shown on 
page 11, giving details of the engine, amount of 
shrink slip and procedure followed. 
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Built 


1940 


1938 


1947 


Engine 
Type 


Lele MG A DAN 


6(550 x 1250) 


H& W.2D.A. 


10(660 1500) 


Stork. 2 D.A. 
7(720 x 1200) 


H & W.2D.A. | 


6(530 x 1250) 


B& W.4 S.A. 


8(650 « 1400) 


B& W.2D.A. 


6(450 x 1200) 


B & W. 2 D.A. 


6(620 x 1400) 


H & W.4S.A. 


6(740 x 1500) 


B& W.4S.A. 


6(740 x 1500) 


MAN. 2 D.A. 
7(600 x 1100) 


Shrinkage 
Slip in Web 


a” 
8 


3/327 
2” in 3 


Journals 


a" +3" 
SS 
9°=13" 
3” 

4” 
330=5)" 


77°=10" 


80° = 101” 


1] 


Remarks on Procedure 
Web Dowelled, Permanent Repair 
Web Dowelled, Permanent Repair 
Dowelled, Temporary Repair 
Permanent Repair 
Dowelled—under observation 
Dowelled—under observation 
Permanent Repair 
Cylinder cut out, home on five cylinders for 


new crankshaft 


Dowelled, cylinder cut out, R.P.M. reduced, 
Temporary Repair 


Temporary Repair 
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Cable Ships 
By A. Findlay 


Introduction 


The story of the laying of the earliest submarine 
cables, just over a hundred years ago, has been 
told many times and it is not intended here to deal 
with the historical aspect of the subject. Many 
books have been published and they all tell of the 
ability and courage of the pioneers who achieved 
so much with the materials and equipment avail- 
able at that time. 

In the remarks which follow, the word “cable” 
is to be taken generally to mean “submarine 
telegraph cable”. If reference is made to any 
other type of cable, e.g., anchor chain cable or 
electric wiring cable, it is hoped that this will be 
specifically stated (in the paper and in the discus- 
sion) to avoid misunderstanding. 


Cable 


The total length of cable at present connecting 
the various cable stations throughout the world is 
roughly 355,000 nautical miles. In time some of 
this cable will be replaced by telephone/telegraph 
cable and it is likely that the figure quoted will be 
slightly reduced. 

It is perhaps advisable to commence with some 
information about cables as cable ships would 
cease to exist as such if there were no cables; also 
it is impossible to appreciate the layout and equip- 
ment of these vessels without a background know- 
ledge of some characteristics of cable. 


THE COMPONENT PARTS OF 


Fig. 1 shows the construction of a deep-sea 
telegraph cable. It was the electrical and mech- 
anical properties of gutta-percha which made 
submarine telegraphy possible and it is still exten- 
sively used. “Telcothene”, a trade name for the 


plastic “polythene”, is an advance on gutta-percha 
and the latest transatlantic telephone cables have 
Telcothene insulation. 

Shore-end cable is similar to deep-sea cable but 
more substantial sheathing wires are used. 


One Inch 


Fic. 2.—Cross SECTION OF LIGHT-WEIGHT CABLE 


(a) Torsionally balanced steel strands (26/-033 in. plus 4/ -080 
in.) 

(b) Longitudinal 15-mil copper tape with box seam. 

(c) Polythene to 0-800 in. diameter. 

(d) Six 1S5-mil aluminium tapes 


(ec) 10-mil cotton tape impregnated with corrosion inhibitor. 
(f) Polythene sheath, of outside diameter 1-02 in. 

A new type of cable has been successfully 
developed and a section (Fig. 2) shows that the 
tensile strength has been transferred to the centre 
of the cable. Additional sheathing wires are super- 
imposed on the shore-end type of this cable. 


Reece ye A CABLE 


COPPER CONDUCTOR 


BRASS TAPE JUTE 


GUTTA PERCHA 


OR TELCOTHENE 
INSULATOR 


TELCONAX 
TAPE 


SHEATHING WIRES 


DUTER COVERINGS OF JUTE YARN SECTION 


PROTECTIVE COMPOUND 


Fic. 1 


The following table gives particulars of certain 
cables which have been manufactured. It must 
be clearly understood that they are examples 
only and must not be taken as being generally 
applicable. 


Outside Weightin Tensile 
Type of cable Diameter air breaking 
Inches tons/naut. Strength 
mile Tons 
Shore-end 2°50 25°0 Not tested 
Deep-sea 1-13 2°6 12575 
Lightweight 1-02 L5 S| 


Shore-end cables vary considerably in their 
armouring. Their weight in air per nautical mile 
may be as low as 6 tons; the heaviest laid is at 
St. John’s, Newfoundland, being treble-sheathed 
and weighing 56 tons to the nautical mile. 

Between shore-end and deep-sea cable inter- 
mediate type cable is laid but has been omitted 
from the paper in order to simplify the description 
(which follows) of laying operations. 

From the table above, it may be deduced that 
the density of all types is greater than that of sea 
water. It is evident, therefore, that except where 
it traverses an underwater chasm the cable sinks 
to the bottom of the ocean and in practice this 
is found to be true. It was considered necessary 
that this point should be clarified here as it has 
been the subject of many a discussion in the past. 

In some parts of the cable system the depth of 
water is upwards of 3000 fathoms and the cable 
is subjected to a pressure of more than 3-5 tons 
per square inch. Cables have to resist this pressure 
and maintain their electrical properties. 

The illustration in Fig. 1 gives some impression 
of the complexity of construction of cables. Their 
manufacture has to be very accurately and care- 
fully carried out with high-grade materials and 
the product is tested electrically at all stages. In 
consequence the cost is high, not less than £1,000 
per nautical mile, and a purchaser of cable does 
his utmost to ensure that it will be treated with 
great care. 

“Co-axial” cable is telephone type cable and 
with “repeaters” inserted at intervals of between 
20 and 40 miles these amplifiers make speech 
possible over long distances. The British type of 
repeater is housed in a casing 10 ft. by 10 in. 
diameter and weighs about 10 cwt. 


Cable Laying—Preliminary Work 


The landing site at the terminals of a cabie is 
a sandy beach whenever possible and in a cable 
hut nearby the circuit is connected with land-line 
to the cable station. 

A survey of the route is carried out by the 
cable-laying ship. She takes soundings on a course 
which zigzags over the direct route; samples of 
the bottom are brought on board for examination 
and the temperature of the water at these depths 
is also taken. If the soundings indicate that there 
are sudden changes in contour, peaks or chasms, 
and if the samples are of volcanic origin, the route 
will be modified to avoid such features. The 


ship’s charts will then have an accurate record of 
the route over which the cable will be laid. 

Manufacturers of submarine cable have their 
works on a riverside site and the cable is stored 
in large circular tanks, about 30 ft. diameter and 
12 ft. high. A span is rigged between the cable 
ship and the shore and on it lead blocks are sus- 
pended at intervals. The power is supplied by 
one of the ship’s winches or by a portable electric 
turning-over winch and the cable is fed to the 
ship’s tanks by way of roller leads and sheaves. 
It is whitewashed en route as a precaution against 
adjacent coils of cable sticking together. 

A typical cable tank in a ship is 28 ft. dia- 
meter. The inner bottom plating of the double 
bottom forms the base of the tank and 3 in. of 
cement is laid on this. The circular side plating 
of the tank extends to 2 ft. 6 in. from the main 
deck beams. At the centre of the tank there is 
a “cone”, 5 ft. diameter at the bottom tapering 
to 4 ft. at the top which is 2 ft. below the level 
of the side plating. The tank may be subdivided 
into two sections, an inner and an outer, by means 
of an “inner ring”, of mean diameter 18 ft.; this 
is constructed of vertical stanchions, of the same 
height as the cone, spaced about 5 ft. apart with 
continuous top and bottom rings and a half-height 
tie ring bracing them. The tank has a strum box 
connected to the ballast pump system. 

The cable is coiled in the tank, starting at the 
outside and men are stationed around the tank to 
hold the cable in place; one man runs round with 
the cable passing it to the coiling party. Deep- 
sea cable is usually loaded at a speed of about 
6 knots. When the first layer reaches the cone, 
the cable is taken to the outside again and strips 
of wood, “featheredge”, are placed on each side 
of this portion of cable for protection. This 
procedure is continued until the level of the flakes 
of cable is within a few inches of the top of cone. 
The purpose of the cone is to prevent the inner- 
most turns of cable from being displaced. The 
tank is then filled with water to the top of the 
cone to reduce the temperature of the cable and 
so avoid faults when gutta-percha is the insulant, 
but before proceeding to sea it is completely 
pumped out. 

In assessing the loading on the tank top the 
inner ring should be ignored as there are occasions 
when it is dismantled and stowed in the fore hold. 
The coiling capacity of the tank described above, 
after deduction has been made of the cone, is 
about 7,300 cubic feet. Deep-sea cable stows at 
about 20 cubic feet to the ton and the tank would 
take 365 tons of this type. For shore-end cable 
the corresponding values are 14-5 cubic feet to 
the ton and about 500 tons, but as comparatively 
short lengths of shore-end are loaded this latter 
figure (500 tons) may be ignored. For design 
purposes (lines, trim, scantlings, etc.) a stowage 
rate of 19 cubic feet to the ton would give 384 
tons; to this should be added 20 tons to represent 
the amount of salt water between the coils of 
cable and up to the level of the cone top. The 
area supporting this load is roughly 600 square 


feet giving a loading of 1,510 Ib. per square foot. 
If we take as an example a vessel with 18 ft. 
6 in. load draught and a 3 ft. 0 in. height of 
tank top with solid floors, the permissible loading 
is 1,390 lb. per square foot; the actual loading is 
thus nearly 9°, in excess of permissible in such 
a case. The stowage rate of cable (19 cubic feet 
to the ton) and the fact that the loaded tank is 
occasionally flooded to the height of the cone will 
be appreciated by the shipbuilders and their effect 
allowed for in their calculations. 

A nautical mile of deep-sea cable occupies 
about 36 cubic feet and the 28 ft. diameter tank 
described above would hold roughly 200 miles of 
cable. 


Laying a Shore-End Cable 

The length of this type of cable varies with local 
conditions. It is more heavily protected by sheath- 
ing wires than deep-sea cable on account of the 
chafing it may receive on rocks near to the shore 
and damage from ship’s anchors and trawlers’ 
otter boards. Admiralty charts indicate the posi- 
tions of cables, and ships rarely damage them. 

The draught of the layer will determine how 
near she may approach the beach; she may lie off 
about half a mile away with her head to seaward. 
A 4-in. manilla rope is secured to the end of the 
cable, passes round the cable drum and over the 
bow sheave and the end is taken ashore. The ship 
carries a stock of empty oil drums and as the 
cable passes over the sheave these are secured by 
rope to it at intervals. In this manner the cable 
is “floated” ashore. When sufficient cable has been 
brought up the beach to reach the cable hut the 
drums are cut away and the cable settles down to 
the bottom. Communication between ship and 
shore is maintained by radio; a “walkie-talkie” 
set on the beach keeps the ship informed of any 
snags which may crop up. 

The means provided ashore for bringing the 
cable up the beach have taken many forms ; teams 
of horses or bullocks, tractors, locomotives, con- 
victs, students at the telegraph training school in 
Cornwall have been used, and Arabs seem to find 
the work less laborious if they keep a steady chant 
going as they haul. 

The cable is buried in a deep trench from low 
water level up the beach to the cable hut. The ship 
proceeds to sea paying-out cable until the pre- 
determined length of shore-end cable has been 
laid. 

A cable layer has a clipper bow on which are 
mounted three sheaves; at the stern she has one 
sheave. It will have been noted that the shore-end 
cable was paid out over a bow sheave the one 
chosen being that on the weather side; her stern 
movements are therefore unrestricted and she can 
be more readily manceuvred to keep her head to 
the weather. Easy manceuvrability is an essential 
of all cable ships and most of them achieve this 
with twin screws. Single screw ships have an aux- 
iliary means of supplementing the rudder effect. 

When the laying of the shore-end cable is near- 
ing completion, the end of the deep-sea type is 


brought up out of the cable tank through the bell- 
mouths and by way of various sheaves and roller 
leads, to the stern sheave; it is then passed round 
the outside of the ship to the opposite bow sheave 
and so to the fore deck where a joint is made with 
the shore-end cable. The men who do this work 
are called, appropriately enough, cable jointers. 
The loop of cable is then eased over the bows and 
the ropes holding the two types of cable are simul- 
taneously cut. During this operation, and at all 
times when the shore-end is over the bows, it is 
of course essential that the stern is kept well clear 
of the line of the shore-end. 


Laying Deep-Sea Cable 

During the long pay-out of deep-sea type, the 
cable electricians on board carry out repeated tests 
to ensure that no faults have developed either in 
the ship’s tanks or between the ship and the cable 
hut ashore, and at pre-arranged times contact with 
shore electricians is made. 

The ship’s speed during pay-out is about 8 knots 
and the cable is controlled by brakes which may 
be of the Froude or other type of hydraulic brake, 
or by water-cooled steel band-brakes. 

As previously stated, the cable has been white- 
washed to prevent adjacent coils from adhering 
together. Occasionally, this may prove ineffectual 
and several flakes then rise together to jam at the 
bellmouths. If the main engines are not speedily 
put astern the cable will part. A framework of 
light steel tubing suspended by sets of blocks from 
the main deck beams is adjacent to a few feet 
above the cable in the tank and the cable passes 
through a gap between this framework, called a 
“crinoline”, and the cone. 

The tension in the cable is measured by means 
of a dynamometer which is described later in this 
paper. 

The relative speeds of the ship and the cable 
pay-out have to be very carefully assessed. The 
contour of the sea bottom has already been deter- 
mined (as previously mentioned) and the developed 
length of this contour is obviously the minimum 
length to be payed out. The owners of the cable 
usually specify additional percentages of amount 
varying with the nature of the contour; this is 
known as “percentage slack”. Too much slack is 
costly for the purchaser of the cable and in addi- 
tion to this is the danger that the cable may form 
coils on the bottom; as tension on a coil produces 
kinks this must be avoided. A revolution indicator 
gives the speed of the cable gear drum and by 
applying this to the drum diameter plus the cable 
diameter, the speed of paying out can readily be 
calculated. The ship’s speed is obtained from 
patent logs, Walker and Chernikeeff or Pitometer. 

The longest cable joins Bamfield in Canada with 
Fanning Island in the Pacific Ocean and is 3,467 
nautical miles in length. It was laid in 1926 by 
c.s. Dominia in a little over 16 days. 

On arrival at the spot at which the other shore- 
end cable is to commence, the end of the deep-sea 
cable is buoyed. The ship proceeds to lay the 
shore-end and in due course the buoyed end of 


deep-sea cable is recovered and the “final splice” 
is made. The bight is lowered over the bows and 
the securing ropes are cut simultaneously. 

The “life” of a cable has been assessed at 70 
years but some cables still in use are older than 
that. 


Cable Maintenance 


The causes of cable faults are various. 

In November 1929 an earthquake occurred in 
the ocean bed some distance from Newfoundland 
and most of the cables connecting North America 
with Europe were severed. Seven cable ships 
were employed, during appalling weather condi- 
tions, and it was some months before all the 
cables were working again. In more recent times 
a similar occurrence in the Western Mediterranean 
caused damage to four cables. 

You may recall an incident near Aden a few 
years ago, when a large ship dragged her anchor 
over several cables and faulted them all. 

Damage by trawlers occurs occasionally. Inter- 
national legislation permits trawler owners to 
claim for loss of gear sacrificed when they 
inadvertently pick up a cable; they usually prefer 
to risk identification and subsequent fine rather 
than lose their catch. 

At least one area of the ocean bed was origi- 
nally volcanic, and cables laid there are subject to 
attack from corrosive compounds. 

Cables laid over 80 years ago in comparatively 
warm, shallow water were faulted by the activity 
of worms which bored into the gutta-percha 
insulation. It was then proposed to apply over- 
lapping brass tape helically wound over the cable 
core and this proved to be too difficult for the 
worm to penetrate. It was called “teredo tape” 
as it was thought that the worm which does such 
damage to wooden hulls and wharves was the 
cause of the trouble. In the Case of the Damaged 
Cable the “whodunnit” was, in fact, identified in 
the end as “limnoria”. 

Faults in telegraph cables produce little or no 
delay in the transmission and delivery of cable 
traffic. The network of cables is so complete, 
signal speed is practically instantaneous and the 
change in routeing of the message is a simple 
procedure. 


Cable Depots 


As the manufacture and testing of cables takes 
some time, the telegraph companies keep stocks 
at strategically spaced depots. A company whose 
routes are world-wide consequently maintains 
several depots and a fleet of cable repairing ships. 
For example, Cable and Wireless Limited, of 
London, owns and operates over 147,000 nautical 
miles of cables and has depots at Plymouth, 
Gibraltar, Malta, Singapore, Mombasa, Cape 
Town, Sierra Leone, Rio de Janeiro and St. Lucia. 
The ships owned are Lady Denison Pender, 
Mirror, Norseman, Retriever, Edward Wilshaw, 
Stanley Angwin and Recorder. 

The depot tanks are similar in size to the factory 
tanks previously described; some are of steel, but 


reinforced concrete has been used very success- 
fully. The hauling gear is sometimes electrically 
driven, but where this is not practicable, steam 
from a vertical crosstube boiler is supplied to a 
hauling winch of about 25 h.p. 

At the depots, supplies of grappling rope, 
grapnels, buoys and other cable stores are avail- 
able for the replenishment of cable repairing ships. 


Freighting Cable 


When cable is shipped in the United Kingdom 
for a depot, the circular boundary and the central 
cone are made up by a substantial wooden frame- 
work, and the cable is coiled as described for a 
cable laying ship. If the insulation of the cable is 
gutta-percha, sacking is spread on the uppermost 
layer and this is kept moist throughout the voyage 
in order that the cable does not become excessively 
hot; the central core might become displaced if 
the gutta-percha softened under heat, and dis- 
placement of the copper conductor might cause 
a fault in the cable. 

An estimate of the load on the tank top would 
be based on 19 cubic feet to the ton. 

An alternative stowage is by means of a steel 
cylindrical tank of } in. plating built up in sections 
and bolted together with wood jointing. The boun- 
dary angles of the sections are 3 in. x3 in. in. 
The weight of this tank plus 10 to 15 tons of salt 
water has to be added to the weight of cable to 
get the total load in this case. If the weight of 
cable is not known, it can be estimated at 19 cubic 
feet/ton. 


Repairing a Cable 


When a fault occurs in a cable linking two 
stations, each balances an artificial resistance with 
the resistance of the length of cable from that 
station to the fault. The resistance of the cable 
is known throughout its length and it is therefore 
possible to pin-point the fault. The cable ship 
detailed to carry out the repair proceeds to the 
position and puts down a mark buoy. The size 
of mark buoy used depends on the depth of water 
which governs the weight the buoy has to support. 

The ship then proceeds at right angles to the 
line of the cable for a distance of about 3 miles, 
and lowers over the centre sheave at the bow a 
grapnel, chain and grappling rope until the grapnel 
is a few hundred fathoms from the bottom. As 
she steams back to cross the line of cable at about 
one knot, the grapnel is lowered to the bottom; 
this prevents the grapnel from fouling its own 
rope. A higher speed might result in the grapnel 
lifting from the bottom and so missing the cable. 

The load at the dynamometer is comparatively 
low, but various obstructions on the bottom cause 
the reading to fluctuate. A deck officer usually 
sits on the rope between the bow sheave and the 
first span lead sheave, and experience so schools 
his reactions that he becomes more sensitive to a 
genuine hooking of the cable than the dynamo- 
meter itself. 


FIG. 


It generally takes several “drives” across the line 
of the cable before it is hooked. The dynamo- 
meter reading then rapidly increases and the ship’s 
main engines are stopped. The cable gear, Fig. 3, 
is started and the grapnel with the cable hanging 
in a bight over a prong is brought up under the 
bows. Two men are lowered from the davits over 
the bows in bosun’s chairs, and they proceed to 
put stoppers on the cable, one on either side of 
the grapnel, Fig. 4. A rope from one stopper is 
brought over the port bow sheave and secured, 
and similar action is taken over the starboard 
sheave. The cable is then cut near to the grapnel 
and the grapnel and its rope are cleared away; the 
grappling rope is laid out in open coils to dry out 
before it is stowed below. 

Leads are taken from the two exposed conduc- 
tors, and in the Testing Room it is speedily deter- 
mined on which side of the cut the fault lies and 
how much cable is between the cut and the fault. 


The good end is sealed and buoyed and the cable 
gear commences to take in the cable which con- 
tains the fault. The cable so recovered is deposited 
in the forward cable tank which usually carries 
the “scrap” cable. New cable from the ship’s 
tanks is then brought up, and when the fault in 
the cable has been cut out the two are jointed and 
spliced. The ship heads back to the buoyed end, 
paying out cable with the correct slack per cent. 
The buoyed end is brought on board, the “final 
splice’ made, and when wireless communication 
with shore station gives confirmation that the cable 
is now sound, the bight of cable is dropped from 
the bows. The mark buoy originally dropped, and 
its mooring, are then recovered, Fig. 5. 

The interval between the dropping and recovery 
of the mark buoy may be as short as twelve hours, 
but on occasions it has been several weeks due to 
special difficulties of terrain, weather and cable 
condition. 
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Other Duties of Cable Repairing Ships 

When a new cable has to be laid and its length 
is less than, say, 500 miles, this can be undertaken 
by most cable-repairing vessels. The cable will be 
payed out over the bows, the ship steaming ahead 
slightly crabwise, otherwise the work is similar to 
that described for the cable-layer. 

The renewal or the diversion of shore-end type 
cable is readily carried out by a repair vessel. 

It occasionally happens that a cable becomes 
redundant or, for some other reason, is abandoned. 
This cable can be recovered and the condition of 
the cable is such that it can be laid again and give 
perfect service. Upwards of 1,000 miles of one 
cable in the Pacific were successfully recovered a 
few years ago; the maximum depth was 3,890 
fathoms, roughly 44 miles. The ship was Stanley 
Angwin, and it is rather illuminating to visualise 
her length 290 feet, the depth of water 44 miles 
and the catenary of cable stretching forward of 
the ship. 

In wartime a cable-repairing vessel carries out 
her normal duties, sometimes under escort, and 
undertakes other useful work. Enemy cables are 
cut and either picked up or diverted to friendly 
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countries, anti-submarine loops are laid for the 
location of these craft, and strategic cables are 
laid. 


Cable Laying Ships 

The largest cable-layer in the world is H.M.T.sS. 
Monarch, Figs. 6 and 7, owned by the British 
Post Office, and built during World War II by 
Swan, Hunter & Wigham Richardson Limited. Of 
8,056 gross tons, she has four cable tanks with a 
total coiling capacity of deep-sea cable of about 
2,000 miles. The clipper bow with three sheaves 
and the cruiser stern with one sheave, the long 
foredeck, three masts, one funnel between the 
main and mizzen, make her readily identifiable. 
The gantry over the bows is for handling “rigid” 
cable repeaters. 

She can lay or recover cable over any known 
depths and can operate in any ocean. Her comple- 
ment is British and comprises a Master, thirty 
officers and one hundred and seven men. Monarch 
is based on London and, in addition to her service 
for the British Post Office, she has frequently been 
chartered by other governments and telegraph 
companies, 
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FIG, 7 


Cable Repairing Ships 


An example of a modern cable repairer is 
c.s. Recorder, one of seven ships of this type 
owned by Cable and Wireless Limited of London. 
She was built in 1954, also at Swan, Hunters, and 
is 3,349 tons gross. Her total coiling capacity is 
21,060 cubic feet in three cable tanks, equivalent 
to about 420 miles. Fig. 8 shows her clipper bow 
with three sheaves and long foredeck. A bow 
gantry similar to Monarch’s has been added (since 
the ship was built). The three cable signal lights 
(red-white-red) on the foremast are switched on 
when the ship is laying or picking up cable or 
grappling for a cable by night; shapes are 
suspended by day during these operations to indi- 
cate that the ship is not free to move in accord- 
ance with the navigation rules. 

Another cable ship feature, which may be seen 
in Fig. 8 just aft of the anchor head, is a hull 
chafing batten, described later. 

Helm order and engine room telegraphs in the 
bows enable the ship’s movements to be directed 
from that position. 

Some of the older surveyors may have recollec- 
tions of certain cable-repairing ships which spent 
months on end in port. Auckland and Callao 
certainly saw quite a lot of two such vessels. Since 
the merger of telegraph companies about 30 years 
ago, this state of affairs does not apply; the 
systems which were maintained by 14 ships are 
now covered by seven. 

On average, a repair ship spends about 120 days 
per annum full steaming, 90 days on cable work 
at sea, and 40 days in port on ship’s repairs, dry 
dockings, etc. (including the Special Survey period 
spread over four years). The remaining days in 
port are mostly spent in loading cable, turning 
over cable from one tank to another as necessary, 
maintenance of ship, engines and cable equipment. 

The complement varies between 72 and 106 
depending on the ship, her station and her size. 
The officers are nationals of the owning telegraph 
company, and the crew are generally recruited 
from the country of the ship’s base port. 

The light displacement of Recorder is 2,335 tons 
on a mean draught of 10 ft.; the load displace- 
ment is 4,940 tons at 18 ft. 5} in. moulded draught, 
the block coefficient being 0°67. 

The light weight comprises many features com- 
mon to a cargo vessel. The main propelling plant 
consists of two oil-fired Scotch boilers, twin 
screws, two triple-expansion engines totalling 
2,200 I.H.P. The flexibility of power requirements 
with J.E. engines is a great advantage in a cable 
ship. This plant is simple to maintain in efficiency 
and, in the past at any rate, this has been an 
advantage in ships serving in places remote from 
engine repairers who can undertake work on more 
intricate machinery. Water-tube boilers are 
installed in some cable-repairing ships and they 
have given excellent service. 

The more substantial units peculiar to a cable 
repairing ship are the bow gear, the chafing 
battens on the hull, the cable engines, gearing and 


cable drums and cable hauling-off gear. These 
are dealt with in some detail below. 


Bow Gear 


This assembly is normally provided by a sub- 
contractor. It is mounted on fore and aft joists 
at the stem head, is bolted in place and can be 
removed as a single unit for overhaul—provided 
an adequate “lift” is available. 

Each of the three sheaves is free to rotate on 
the shaft; they are generally V-shaped with a 
radius at the bottom of the groove equal to that 
of shore-end cable section. The sheave flange 
tips are protected by castings which project a few 
inches outside the sheaves; these castings are 
called “whiskers”. The sheaves and whiskers are 
of cast steel and any wear at the bottom of the 
sheave or on the faces of the whiskers can readily 
be made good by welding. 
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Fig. 9 shows the bow gear as completed by the 
sub-contractors; Fig. 10 shows it in place, the 
stud link chain (not belonging to the ship) over 
the starboard sheave is being used as a mooring 
when in London River off Greenwich. 

In the older ships the diameter at the bottom 
of the sheave groove may be 3 ft. 4 in.; the 
weight of the bow gear is then about 6} tons. 
When the bow sheaves are 7 ft. the weight is 
nearer 16} tons; with the introduction of tele- 
phone cable repeaters of the articulated type made 
in the U.S.A., it was found desirable to increase 
the diameter to 6 or even 7 ft. 


It will probably be sufficient here to give some 
indication of the maximum loading on the bow 
gear. Readings on the dynamometer scales are of 
little assistance here; the maximum indication is 
20 tons but that load has been exceeded on many 
occasions. For strength calculations the tension 
in the grappling rope over the centre sheave 
should be taken as the breaking strength of the 
heaviest type of this rope, namely 32 tons. 


Chafing Battens 


These extend from the stem for the forward 
third of the ship’s length, are spaced about four 
feet apart from above the load line right down to 
the bilge, and they follow the lines of the shell 
strakes. They are 3 in. <1} in. rectangular section 
welded with a 3 in. face to the shell, the outer 
edges being chamfered off. They are effective in 
preventing wear to the shell plating and at each 
Special Survey and at several intermediate dry- 
dockings, the building up of scores in the battens 
is an item for attention. 

Surveyors always look for evidence of scoring 
on shell plates. 

The effective weight of these battens is roughly 
10 tons. 


Cable Gear 
Fig. 3 shows a steam-driven cable gear of the 
duplex combined picking-up and paying-out type, 


commonly seen on cable-repairing ships. The 
engines, gearing, drums and brakes are situated 
together on the main deck and forward of the 
foremost cable tank hatch. 


The engines are of the vertical three-cylinder 
type, simple expansion, double acting, reversible ; 
each engine develops 130 B.H.P. at 260 r.p.m. It 
is essential, indeed it is sometimes vital, that 
instant engine movement is obtained, hence the 
reason for not taking full economical advantage 
of compound or triple expansion. On the third 
motion shaft of the gearing a pinion drives the 
cable drum through internal spur rings. When 
paying-out cable without the engine, this pinion 
can be withdrawn. 

When picking up, the following lifts and speeds 
can be obtained on the port or starboard 
drums : — 


26 tons at 65 ft. per minute 
7:5 tons at 225 ft. per minute. 


In the older ships the drums are 5 ft. 8 in. 
diameter but 7 ft. 0 in. is now desirable. On 
the lower part of the drum surfaces, Fig. 3, there 
are two fleeting knives; their purpose is to force 
the cable across the face of the drum a sufficient 
distance to allow the next turn to take its place 
and not ride over the one already there. The 
fleeting knives have hard steel renewable face 


strips. The inboard part of the drum surface and 
the inboard fleeting knife are used for paying-out 
cable; the outer are for picking up. 

The holding-on brake is controlled by two 
handwheels ; one operates quickly through spiral 
gearing and the other gives the final tightening 
effect through spur reduction gears. The elm 
blocks of this brake are water-lubricated and the 
steel band backing them is suspended by means 
of spring adjustment, thus ensuring quick release 
all round the drum. This brake can be seen in 
Fig. 3 just outboard from the drum. It is normally 
used when the drum has to be stopped and held. 

For controlling the speed of the drum during a 
long pay-out of cable, the water brake or the 
water-cooled steel band brakes (Fig. 3 extreme 
outboard ends of illustration) are used. 

The weight of this equipment is in the region of 
75 tons for the two sets. 


Hauling-Off and Holding-Back Gears 


In Fig. 3 abaft and above the cable drums can 
be seen the hauling-off and holding-back gears. 
These are mounted on the upper deck abaft the 
cable gear hatch, together with all the controls 
for the cable gear itself, as shown in Fig. 11. 


ne sheave ¢ ne hauling-off gear (to abbre- 
Tt heave of the hauling-off gear (to abbr 


viate the title) is driven through gearing or by 
chain from the cable drum at a slightly higher 
linear speed than the cable drum to ensure that 
the cable or rope is taken away clear from the 
drum. 

The cable or rope merely passes over the sheave 
and is made to bear down into the groove by a 
weighted jockey sheave. 


The weight of this gear totals about 9 tons. 


Dynamometers and Span Lead Sheaves 


There are two types of dynamometer in use for 
registering the tension in the cable or grappling 
rope and opinion is divided on their merits. 

The load cell dynamometer comprises a sheave, 
whose bearings are mounted on a rocking lever 
which bears on a load cell. The cable or rope 
from the cable gear drum passes up through the 
cable gear hatch, over the dynamometer sheave, 
then over a span lead sheave, after which it dis- 
appears Over a bow sheave. This arrangement 
applies on H.M.T.S. Monarch. The load cell 
dynamometer is a recent development in cable 
ships. 
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The second type comprises a sheave free to 
rotate about an axle, one end of which is mounted 
on a crosshead. The vertical movement of the 
crosshead is communicated by connecting rods to 
a piston in a long vertical cylinder filled with 
fluid ; the piston is a slack fit allowing the fluid to 
pass. The arrangement, when this dynamometer 
is used, requires a span lead sheave about 15 ft. 
abaft the dynamometer as well as one 15 ft. 
forward of it, so that the dynamometer sheave 
may behave like a controlled diabolo under the 
varying tensions in the rope or cable. In the fore- 
ground of Fig. 12 the first span lead sheave abaft 
the bow gear can be seen, followed by the 
dynamometer and then the after span lead sheave. 
(Fig. 12 also shows the anchor capstan; cable 
ships generally favour this arrangement with the 
windlass engine on the main deck below as it gives 
a clear fore deck for cable work.) 

The weight of two dynamometers and four span 
lead sheaves is about 3 tons. 


Roller Leads 


These can have three or four rollers, depending 
on their position on the fore deck. Fig. 13 shows 
a three-roller lead. 


Bellmouths 


Fig. 14 shows a _ bellmouth lead which is 
mounted on a beam across each cable tank hatch 
at upper deck and at main deck level. The bell- 
mouth is centred over the cable tank. 


Sounding Machines 


In addition to two echo-sounders, one for 
shallow water and one reading to 5,000 fathoms, 
cable ships have a Lucas electrically driven sound- 
ing machine. This comprises a 3 h.p. motor, a 
brake and a drum containing 5,000 fathoms of 
piano wire. This machine is used when samples 
and temperatures are required from the sea 
bottom, as mentioned under “Cable Laying”. 


Portable Hauling Gear 


This electrically driven cable gear weighs about 
14 tons and is used to transfer cable from one 
tank to another. 


Stores 


The total weight of stores carried in cable- 
repairing ships varies from about 100 tons in a 
small vessel up to 190 tons in c.s. Recorder. Of 
this last figure 120 tons are spread over the store- 
rooms of the various departments of the ship: 
deck, engineers, electricians and stewards. The 
remaining 70 tons are cable stores in the fore hold 
and the rope pockets and the major items may be 
of some interest. 


Buoys 

There will be 17 or 18 of these, varying in size 
from the largest capable of supporting 34 tons to 
the smallest supporting 4} cwt., with four inter- 
mediate sizes. Four of the largest buoys may be 
stowed on the fore deck, the balance in the fore 
hold. 


The buoy shown in Fig. 5 has been recovered to 
the ship after being used as a cable mark buoy. 
The flags are for identification from the other 
buoys used during the operation; the radar 
reflector facilitates its being found quickly by the 
ship when the repair has been completed ; beneath 
the reflector is a battery operated lamp. 

The total weight of buoys is about 10 tons. 


Buoy Anchors 


Mushroom type anchors are generally used and 
about 20 are carried in the fore hold. The maxi- 
mum weighs 5 cwt. and the smallest 1 cwt., the 
total weight being about 4 tons. 


Chains 


About 10 tons of short link chain are carried, 
most of this being in the fore hold, but there are 
two chain boxes on the fore deck—one can be 
seen on the left of Fig. 12—for ready use. The 
chain varies in size from + in. to 1 in. and is used 
for ground moorings, bridle and rider chains for 
buoys. 


Grappling Rope 

Most cable repairs are to cables in anything up 
to 2,500 fathoms of water, although many cables 
have been recovered from greater depths. It will 
be readily appreciated that cable ships must carry 
a considerable quantity of grappling rope, and this 
seldom falls below 40 tons, representing 18,000 
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fathoms of rope. This rope is also used for cable 
buoy moorings. 

Although manufacturers can supply at least 
seven types of this rope, the two commonly met 
are known as 3X3 and 6X3. The wires are 
0-106 in. high tensile steel, each wire served with 
five yarns made up of 25 threads of jute. The 
nomenclature of the rope is misleading as it means 
the opposite to that normally employed in wire 
rope manufacture ; the 63 grappling rope has 
three strands each of which has six wires. 

The rope has all the appearance of a manilla 
rope and that was the opinion of the master of a 
stranded vessel when a party from c.s. Mirror put 
it in position; he readjusted his ideas when his 
ship was pulled off and refloated without any 
difficulty. 

Particulars of these ropes are :— 


SDo) alee) 
Diameter, inches ... hee Peo 1°45 
Weight in air, cwt/1000 fathoms 26°6 60:5 
Breaking strength, tons ... 12 24 


The ropes can be coiled with an eye of 18 in. 
and are fitted with a link and thimble at one end 
and link-swivel-link and thimble at the other. 

With 18,000 fathoms of grappling rope on board, 
9,000 fathoms of this with a breaking strength of 
24 tons, it might be relevant to ponder on the 
necessity for the equipment requirement of 400 
fathoms of 2} in. mooring wire. 
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Grapnels 

The variety of types carried is necessitated by 
the different conditions of the ocean bed and, in 
one case, by the heavy load which can be encoun- 
tered in raising the cable from great depths. 

In the latter case the grapnel used is the Lucas 
Cutting and Holding Grapnel illustrated in the 
“open” position in Fig. 15 (a) and in the “closed” 
position in Fig. 15(b). It is lowered in the open 
position ; when the cable has been hooked (one 
hook can be seen in Fig. 15 (a) pointing towards 
the viewer) the bight of cable is raised until, at a 
pre-arranged strain, the bolts that keep the arms 
extended break and the tension in the wire ropes 
causes the arms to fold down on the shank 
securely gripping the cable on one side and cutting 
on the other. In the “Improved” type of Lucas 
Grapnel the arms are realeased by a trigger in 
the prongs. The weight is about 4 cwt. 

For cables in sand or mud the round bottom 
grapnel (like the frame of an umbrella) weighing 
34 cwt., the Larnder Flat Fish Grapnel, Fig. 16, 
or the Sliding Prong Grapnel, Fig. 4, may be used. 

Over rocks it is necessary to use something 
rather more streamlined. The two examples given 
here are the Rennie, Fig. 17, and the Gifford, 
Fig. 18. 

The total weight of grapnels in the fore hold 
will be about 6 tons. 
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Conclusion 


An attempt has been made in this paper to give 
some indication of the main features and duties 
of cable ships, but it will be evident that it can 
make no claim to being comprehensive in its treat- 
ment of what is, to the Author at any rate, a 
subject of great variety and interest. 
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Discussion on 
Mr. A. Findlay’s Paper 


Cable Ships 


Mr. BUCHANAN 


I would, first of all, like to congratulate Mr. 
Findlay both on the film which he has shown and 
the amount of information which he has collected 
on a type of ship with which we do not often 
come in contact. This is definitely a specialist 
paper written by a specialist, and it behoves me 
merely to ask questions, and not to lay claim to 
any knowledge which I don’t possess. 

I was going to ask some questions of the repair 
of the cable, but the film showed this in very great 
detail. 

Mr. Findlay mentions in the paper that in lay- 
ing the cable a percentage slack is allowed for. 
Is this slack allowed in the event of the cable 
moving on the sea bed? Would Mr. Findlay 
indicate if, on returning to repair the cable, the 
cable ship is certain of the exact position of the 
cable. 

I would like to know if the three miles to one 
side to commence the drag is some criterion of 
the amount the cable could shift. 

Grappling among the sea bed seems to be a 
rather hit and miss affair, and I am not surprised 
that it takes several trips to pick up the cable. 

I am also interested in the practice of sending 
two men over the side to attach the cable. It 
seemed that this might restrict the operation to 
fine weather, but the Author instances an occasion 
when North Atlantic cable was repaired in appal- 
ling weather conditions. I take my hat off to the 
men who do the job, but surely there must be an 
alternative method. 

At the bottom of the second column on page 4 
it mentions the deck officer sitting on the rope 
while grappling for the cable. We saw this in the 
film, but I still cannot understand how it is done. 

In his opening remarks Mr. Findlay raised a 
point which I thought we might draw the Chair- 
man’s attention to. He draws attention to the 
necessity for flexibility. He insists on this... . . 

Unfortunately, he later spoilt it by saying that 
in future the ships will be propelled by diesel or 
electric power. I hope our engineering colleagues 
will rise to this bait of newer methods of propul- 
sion. 

I would like to ask Mr. Findlay’s opinion of a 
new proposal which we have recently had for a 
new cable ship in which the owners propose to 
use the vessel for the carriage of ore in the cable 
tanks when the ship is not used as a cable ship. 


I have studied the photographs in Mr. Findlay’s 
paper, and I cannot see how such an arrangement 
could be a success. I can see that with one swipe 
from a drag a whole lot of valuable deck fittings 
will be destroyed. I would like to have Mr. 
Findlay’s opinion on this proposal. Is it feasible? 

One more question. Mr. Findlay mentioned the 
single cables that are run across the Atlantic. 
How many telephone calls can such a cable take? 
The Author states that he is not an authority on 
the cable itself, but I am not quite sure how a 
single cable can carry unlimited telephone calls, 
and I would like the Author, if he can, to give a 
little information on that. 

I would like again to express my thanks to the 
Author for such an interesting paper. 


Mr. HOLMAN 


I wish to add my tribute to that of the previous 
speaker for the manner in which this paper has 
been prepared and I feel that the Author may be 
congratulated on preparing a paper which contains 
so much of interest, and which covers a wide field 
in a little known sphere of activity. 

I would, however, comment on the absence of 
technical information relating to hull form 
required for these specialised ships, and _ the 
description of the function of the electrical instru- 
ments which comprise the testing room of a cable 
ship, I think, would be particularly interesting to 
our electrical friends. 

I now turn to Fig. 4. Mr. Buchanan has com- 
mented on this aspect of the work and I can 
assure you that this is a hazardous undertaking. 
To carry out the operation after the cable has 
been “‘stoppered off”, it is necessary for the bosun 
and bosun’s mate to go over the side and cut the 
cable and if the ship is pitching there is a chance 
the cable will part before cutting. This, in fact, 
has happened on several occasions and inflicted 
injuries to the men concerned. 

I think it worthwhile to mention the assistance 
given to the Admiralty Hydrographers Depart- 
ment by the Navigation Department who usually 
report direct to H.M. Survey Ship in the area any 
information relating to change in ocean depths, 
etc. 

A word about the triple expansion steam engine. 
Whilst it is accepted that the thermal and 
mechanical efficiency of this prime mover is low 
by comparison with other types, this is accepted 
since it affords the manceuvrability required 
when grappling at low speeds for the cable. I am 
interested to learn that there is to be a departure 
from the orthodox and that diesel-electric propul- 
sion will be installed in the new cable ships. 

I would again like to say how much I have 
enjoyed the paper. 


Mr. ARCHER 


I am afraid I must open with an apology as I 
have not read the paper. I think this is a very bad 
thing to do, to have to admit not having read it, 
but [ trust Mr. Findlay will forgive me and | 
certainly intend to read it later. 
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There are one or two points which have 
cropped up in the paper which I think I would 
like to comment on. 

First, the question of machinery which has 
already been mentioned. The triple expansion 
steam engine. We all know how reliable and what 
a fine speed is possible with that type of prime 
mover and no doubt it has given good service, 
but with the modern development, such as diesel- 
electric and possibly also the controlled pitch 
propeller, it does seem that there are alternative 
ways of getting fine control of speed and pull 
which are so essential for cable layers. 

I shall be pleased to hear if Mr. Findlay knows 
of any further developments of other types of 
prime mover other than diesel-electric. 

I do think that he has introduced us to an 
entirely new world. Seamanship, combined with 
the very latest developments in science. 

I enjoyed the film immensely. 

There are one or two little points. One of the 
first jobs I got to do when I joined Lloyd’s 
Register was to go away and work out all I could 
about catenaries. I think the catenary must figure 
very largely in cable laying. But one thing I do 
remember was that, for a given size and length of 
suspended cable, the horizontal and maximum 
tensions are both greater in shallow water than 
in deep water. 

This must mean that as you get nearer to the 
shore, cable tensions increase as compared with 
deep sea. 

I also notice that the inshore cable seems to be 
much heavier than the deep-sea cable. No doubt 
there is a good reason for this. 

I was wondering about light-weight cable illus- 
trated in Fig. 2. I notice that most of the stiffen- 
ing seems to have been removed from the 
periphery towards the centre. Is this to make the 
cable more flexible? 

I notice that this 355,000 nautical miles of cable 
will go 14 times round the world and I think that 
must give one pause to think. 


Mr. DAVIES 


The Author has given us a most interesting 
paper on an unusual subject about which there is 
little published information. 

There are one or two questions that I would 
like to raise and which have not already been 
mentioned. 

The Author mentions that when the cable is 
loaded at the cable works the tank is filled with 
water to the top of the cone to reduce the tem- 
perature of the cable. Before proceeding to sea, 
however, it is completely pumped out. I do not 
quite understand why you go to the trouble of 
reducing the temperature and then, when quite 
likely bound for tropical waters, allow it to rise 
again. I do not think it can be a question of 
available deadweight, because these cable ships 
usually have enormous freeboards, and I would 
like to know why this is done. 

I would also like to know the difference between 
a cable layer and a cable repair ship. Mr. Findlay 


says that a cable repair ship can lay cable, but 
pays it out over the bows. I presume that a cable 
repair ship only has sheaves at the bows whereas 
the layer has them at the stern also and that, 
apart from the storage space available, this is the 
main difference. 

Mr. Findlay has described how the repair ship 
manages to fill the year in when she only works 
for 90 days of the year. He particularly mentions 
“turning over cable from one tank to another”. 
Why does one have to do that? Has it anything 
to do with temperature again? 

One piece of equipment which I think cable 
ships have is Taut Wire Measuring Gear. When I 
was with the Admiralty in Bath during the War 
the Section I was in dealt with this gear and a 
large number of sets had been ordered before I 
came on the scene. However, a still larger number 
of ships wanted them, so we had a very easy job 
in allocating the sets of gear as they became avail- 
able. So far as I know the gear was simply a 
weight and miles and miles of piano wire, but | 
never knew what it was used for. Perhaps I now 
have the chance to find out. 


Mr. GRAY 


I have read the paper with considerable interest 
and I know that it is only about 100 years ago 
that the first submarine cables were laid. The first 
single submarine cable was laid under the Channel 
in the 1850’s and an attempt was made a little 
later to lay Atlantic cables. 

I believe that, at first, the cables were small 
conductors covered with gutta-percha. The first 
Atlantic cable was laid 350 miles before it parted. 
An attempt was later made with heavy cables but 
these also met with mixed success. 

I believe that at the present time this light- 
weight cable is designed to have the specific 
gravity of the sea water, but I would ask Mr. 
Findlay if he can say whether this is true. 


Mr. KNOWLES 


May I add my personal thanks to Mr. Findlay 
for giving us such an interesting paper on a 
specialised subject, and there is one point on 
which I would like to have more information. 

I refer to page 16—the Lucas cutting and 
holding grapnel. I see the method whereby the 
bolts are broken and the two arms come down 
and clamp the cable, but I cannot see how the 
cable gets in, because the hook which has got 
hold of the cable appears to be at right angles 
to the two arms, and I don’t see how the cable 
can get into the cutting part. Would Mr. Findlay 
please give us a little word on this? 


Mr. G. S. PIDD 


This paper gives welcome information of how 
the specialised work of cable laying is carried out. 
One is impressed that the associated problems 
are well under control, although the thought of 
laying two or three thousand miles of cable can- 
not be contemplated with equanimity when one 


remembers the tangles which can be obtained very 
easily from one ball of string. 

Regarding the electrical side of this matter I 
would like to avail myself of the Author’s offer 
to obtain the necessary information. 

Firstly, could the Author please state whether 
access to the remote end of the cable is available 
whilst in the tank, with a view to continuous 
monitoring of electrical continuity and insulation 
resistance or short circuit? 

Secondly, is there any hope of the process of 
voice synthesis being applied to transmission of 
speech over telegraph cables? A description of 
voice synthesis was given in the “Daily Telegraph” 
on 30th November, 1959. 


WRITTEN CONTRIBUTION 


Mr. J. WORMALD 


This paper comes as a welcome change from 
the usual run of Staff Association papers. It deals 
with a most interesting subject and it has the 
great attraction that, having read it and enjoyed 
it, One can sit back relaxed and secure in the 
knowledge that nobody in the future will say that 
Mr. Findlay told you in his paper on “Cable 
Ships” that you ought to do such a thing in such 
and such a way. 

Mr. Findlay has, to enlarge upon his own 
words, given us a very thorough insight into the 
main features and duties of cable ships and he 
has only referred to surveys once in the whole 
paper. However, although few of us get the oppor- 
tunity of dealing with this class of ships, a few 
points with a bearing on our interest in them may 
be worth raising. 

The writer is fortunate in that he had roughly 
20 years association with cable-repair ships rang- 
ing from the old Recorder and Patrol, built in 
1902 and 1903 respectively, to the 1944 built 
Retriever. His experience with all of these ships 
was that the general standard of maintenance is of 
the highest and that the personnel tends to follow 
the procedure and pattern of the Royal Navy 
rather than of the Merchant Navy. 

At the foot of page 3, Mr. Findlay refers to the 
need for easy manceuvrability and he says that 
single screw ships have an auxiliary means of 
supplementing the rudder effect; does this refer 
to the Pleuger Active Rudder fitted to the Ocean 
Layer and can Mr. Findlay say whether this 
installation was an unqualified success? 

Whilst on this point, has Mr. Findlay come 
across any prejudice in these ships against 
hydraulic telemotor control gear? The writer well 
remembers the master of one cable-repair ship 
who would have given anything to have his tele- 
motor gear removed and replaced by rod-and- 
chain gear; his argument was that, no matter how 
well-maintained the telemotor gear might be, it 
was always liable to creep when held in one posi- 
tion for the length of time that was necessary in 


certain phases of cable repair work. It may only 
have been conservatism on the part of this one 
master but the fact that the telemotor would never 
work to the master’s satisfaction certainly caused 
the writer no end of trouble. 

Continuing with manceuvrability, Mr. Findlay 
says that for various reasons the triple expansion 
engine is preferred and he refers to repairs in 
remote ports. Is this not still another piece of con- 
servatism? The modern diesel engine can be as 
reliable as the steam engine, steam is not essential 
for any purpose, the ships still spend a fair 
amount of time in port and it would appear that 
diesel power for propulsion and auxiliary services 
would be more economical. The only argument 
against this might be the steam engine’s greater 
suitability for running at greatly reduced speeds 
for long periods. 

On page 11, Mr. Findlay refers to the fitting of 
chafing battens and he says that they are of 3 in. 
=< 1 in. rectangular section with the outer edges 
chamfered off. Is there some objection nowadays 
to the old-fashioned half-round bar? The great 
point to be considered when fitting these bars is 
to ensure that they do keep the cables or grappling 
ropes off the shell plating and it may be found 
necessary to adopt a closer spacing than 4 ft. on 
plating whose curvature between battens exceeds 
12 in. 

The extremities of all battens should be cham- 
fered off to nothing; any angle formed between 
the square butt of a chafing batten and the shell 
plate will ultimately produce badly grooved or 
scored shell plating and more than likely cause 
damage to grappling ropes and cables. 

Would Mr. Findlay please give his views on the 
use of a half round batten imposed on a flat plate 
strap? This would have two advantages: that 
any scores occurring at the ends of battens would 
affect the strap and not the shell plate and that 
the corrosion which must be associated with 
cutting off of worn battens and welding on of new 
ones would not affect the shell plate. 

On page 5 it is stated that the grappling rope 
is laid out in open coils to dry out before it is 
stowed away; the writer doubts very much 
whether this is always the case and he suggests 
that there must be very many occasions in the life 
of these ships when it is wholly impossible. 
Grappling and other similar gear is frequently 
stored in the spaces around the cable tanks ; these 
are neither particularly well ventilated nor easy of 
access and when it comes to Special Surveys argu- 
ments against clearing these spaces completely 
can be very forcible. The Surveyor would, how- 
ever, be well advised to ensure that every part of 
the structure is made available for close inspec- 
tion; the overall condition of the structure may 
be very good, but severe localised wastage due to 
stowing away of damp gear is an ever-present 
possibility. 

In the good old days to which Mr. Findlay 
refers on page 10 the cable-repair ships based on 
Singapore had the reputation of mixing the most 
potent and insidious gin-sling known in the Far 


East. Mr. Findlay’s paper re-created the atmos- 
phere of these ships so vividly in the mind of the 
writer that, when he had come to the end of the 
paper, he found himself saying to a well remem- 
bered master “I wouldn’t mind another of your 
gin-slings!” but he quickly changed this to “I 
wouldn’t mind another paper like this”. 


AUTHOR’S REPLY 


When I undertook, at the request of the Com- 
mittee, to write about “Cable Ships” I fully 
appreciated the large quantity of technical litera- 
ture which surveyors have to read and digest in 
the course of their duties. I am therefore agreeably 
surprised that the paper has been of sufficient 
interest to provoke questions and requests for 
more information. For the kind comments made 
by contributors I am grateful. 

Before replying to the points raised, I should 
like to make one correction to the paper and add 
a few comments where these appear to be neces- 
sary. 

On page 3 and half-way down the right-hand 
column, if the word “adjusted” is substituted for 
“adjacent” it will be found that the sense of the 
paragraph is improved. 

On page 11, the last paragraph in the section 
headed “Bow Gear” states that the maximum 
loading should be taken as 32 tons; the direction 
of this force is not mentioned. When it is 
suspected that the grapnel has hooked the cable, 
in fairly déep water, the main engines are stopped ; 
the tension in the grappling rope increases and 
helps to retard the forward drift and the ship 
finally settles with the grappling rope suspended 
vertically from the centre bow sheave. The cable 
gear commences to pick up the cable and it is for 
this condition that the tension of 32 tons should 
be applied in design calculations. 

Secondly, when paying out cable over a side 
sheave of the three-sheave bow gear, the tension 
in the cable may be as much as 10 tons; the line 
of the cable runs aft along one side of the ship 
making an angle of about 20 degrees with the 
horizontal. This condition also requires full con- 
sideration in the design of the bow gear and of 
its attachments to the hull. 


To Mr. G. BUCHANAN 


Deep-sea cable settles into the ooze which 
covers the ocean bed and ocean currents have 
no effect on its position. There is some movement 
of shore-end cable due to coastal currents, but 
this is se slight that it would not be discernible on 
any chart. 

In order to appreciate the need for an allow- 
ance of percentage slack when laying a cable, let 
us consider a part of a cable to be laid in a few 
hundred fathoms, the bottom being level. If no 
slack had been put in when the cable was laid, it 
lies along a straight line for mile after mile. When 
a fault develops in this cable, it is probable that 
the tension produced in the cable, at the bight 


over the grapnel after it has been raised some 
distance, will be sufficient to rupture the cable. 

The amount of slack payed out when a cable 
is laid covers the two necessities, namely, the 
contour length over a varying depth and the 
catenaries produced when the cable has to be 
repaired at some future date. 

The ship commences the drive across the line 
of the cable at three miles distant in order to 
ensure that the grapnel is properly laid on the 
bottom and to cover any slight error in the 
charted position. 

With regard to the hazardous occupation of the 
boatswains when putting stoppers on the cable 
under the bow sheaves, Mr. Buchanan will have 
noted the remarks made by Mr. Holman (above). 
So far as I am aware no alternative method has 
been put forward. 

The decision to suspend operations because of 
weather conditions is in the hands of the master. 
He has had long experience of this work and his 
judgment is seldom at fault. 

The deck officer seated on the grappling rope, 
somewhere between the bow sheaves and the 
forward span lead sheave, is raised when the 
tension in the rope rises and is lowered again 
when the tension is released. When the tension 
increases fairly quickly the cause is usually a fixed 
object in the grapnel’s path; when the increase is 
slowly and steadily built up it is likely that the 
cable has been hooked and is being gradually 
hauled across the bottom. The officer endeavours 
to differentiate between these two movements. 

Mr. Buchanan’s point about the future method 
of propulsion of cable ships can be attributed to 
a lack of clarity in my enunciation. What I hope 
I said was that with diesel machinery and normal 
propellers it is impossible to get down to the slow 
ship speeds required when grappling. Diesel- 
electric machinery is one method of solution; the 
only example I know of is the Italian cable layer 
Salernum. 

The question about a cable ship/ore carrier is a 
very difficult one to answer. I am inclined to 
assume that the owners have cable laying in mind, 
and not cable repairing; the telegraph companies 
have sufficient ships to undertake the repairs to 
existing cables and would be unlikely to con- 
template the chartering of a dual-purpose ship. 
Such a ship would also be precluded, by her 
rather large draught, from attempting the laying 
of intermediate cable or shore-end cable; she 
would thus be designed to lay long deep-sea 
cables, the stowage rate of which is very close to 
that of ore. This appears to me to be the only 
direct relationship connecting an ore carrier with 
a cable ship. 

Mr. Buchanan’s point about damage to cable 
fittings would probably not arise as presumably 
they would be dismantled and stowed in the 
‘tween decks when ore was being carried. 

My personal reactions to such a_ proposed 
design are: — 


(1) Anything planned for a dual purpose is seldom 
100 per cent successful in either of its uses. 


(2) The special (and expensive) equipment 
required for a cable ship would have no 
purpose in an ore carrier. 

(3) Accommodation would be required for a 
cable ship crew; about half of this accom- 
modation would be empty when the ship was 
used for ore-carrying. 

(4) The special requirements relating to main 
propelling machinery and manceuvrability for 
a cable ship would be quite unnecessary in an 
ore carrier. 

(5) The large hatches required by an ore carrier 
would restrict the fore deck area. A glance at 
Figs. 11 and 12 will give some idea of cable 
ship requirements in this connection. 

(6) I hope that the people who are backing this 
project are confident that they can obtain 
contracts for the laying of submarine cables. 
I think it is fair to say that telegraph com- 
panies are hesitant about entrusting this 
rather specialised work to a company which 
has not had experience in this field. The ship’s 
personnel should include men who have had 
this experience, particularly the master or 
chief officer, chief or second engineer officer, 
deck engine driver, boatswain and a few sea- 
men, in addition to the usual cable electricians 
and jointers. 

I should perhaps sum it all up by saying that 
the project is feasible, provided the backers appre- 
ciate the personnel, technical and financial facets 
of the problem and can meet them adequately. 

Finally, Mr. Buchanan asked how many tele- 
phone conversations the Atlantic cable can carry 
at any one time, and how this result is effected. I 
propose to tackle the latter part first and make it 
so brief that (a) he will find time enough to read 
it and (b) I shall be able to gloss over the difficult 
bits. 

I find it advisable to begin with a description of 
the development of submarine telegraphy. 

The first submarine telegraph cables carried 
messages One way only. A period during which 
transmissions from A were received at B was 
followed by a period from B to A, the lengths of 
the periods varying with the amount of traffic. 

The growth of traffic and the coincidence of 
peak periods at the terminal stations made desir- 
able the advantage of working in both directions 
simultaneously. This was accomplished and_ is 
known as “duplex working’, the “bridge” system 
being that most commonly used. 

Another development was “channelling” in 
which a (relatively) high frequency circuit was 
superimposed on the cable and this enabled two 
or more telegrams to be carried both ways at the 
same time. 

After a brief experience with “loaded” cables, 
in which a special alloy of nickel and iron was 
used in a telephone cable across the channel at 
Dover, “co-axial” cable was introduced. This was 
manufactured at Greenwich and the first co-axial 
telephone cable was laid between Florida and 
Cuba in 1921. It has a copper tape conductor over 


the insulation; this distinguishes it from ordinary 
telegraph cable which utilises sea water for the 
return conductor. The co-axial structure is neces- 
sary for the transmission of the wide frequency 
band required for several telephone channels, and 
repeaters at equally spaced intervals are also 
necessary for very long cables. 

The transatlantic telephone cables were laid in 
1955. The American type of repeater was used ; 
as its size is too small to permit two-way trans- 
mission it was necessary to lay two cables. The 
capacity of this system is 36 channels, namely, 29 
telephone channels to New York, six to Montreal 
and one telegraph channel. In addition, there are 
other channels for monitoring and other purposes. 


To Mr. HOLMAN 


The underwater form of these ships is depen- 
dent on the factors normally considered in hull 
design, and it is not proposed to develop this 
theme here. A common feature may, however, be 
mentioned. Trimming by the stern, frequently by 
as much as 4 ft., influences designers of cable- 
repairing ships to make the upper deck have 
slightly excessive sheer aft; the forward sheer at 
intermediate positions may be greater than 
normal, but at the stem it will usually be less than 
standard, the result being to make the angle 
between the line of the cable from the leads to 
the bow gear and the vertical drop from the bow 
gear less acute than it would be if standard sheer 
had been adopted. 

The scantling draught is usually about 4 ft. 6 in. 
less than that which could be obtained with mini- 
mum freeboard. 

The testing room in a cable ship is generally 
situated at the forward end of the bridge house. 
In addition to masses of data books the equip- 
ment includes the following instruments : — 


D.C. equipment—high grade Wheatstone 
Bridges and various resistance boxes, precision 
current and reversing keys, precision “marine 
type” galvanometers, siphon recorders, high 
grade capacitors. 

A.C. impedance frequency testing equipment, 
based upon variations in apparent impedance 
with frequency on a faulty cable. 

Pulse testing equipment, based on the prin- 
ciple of reflection due to an impedance mis- 
match resulting from a fault. 

Both of these are essentially short-range 
methods, say five to ten nautical miles. D.C. test- 
ing is still the only method of absolute measure- 
ment on long lengths of submarine cable, either 
telegraph or telephone. 

Future vessels will carry all the foregoing equip- 
ment but, in addition, there will be more precise 
pulse-testing and various transmission _ level 
measuring devices, also equipment for “power 
feeding” telephone cables. 

I am grateful to Mr. Holman for corroborating 
some of the comments in the paper and for 
supplementing it with relevant information on 
cable ship work. 


To Mr. ARCHER 


The Italian cable ship Salernum has twin diesels 
and electric motors for secondary propulsion ; she 
was built in 1956. The Japanese Toyo Maru was 
twin screw with triple expansion engines and had 
a Voith Schneider propeller to give even greater 
manceuvrability. Submarine Cables Ltd.’s Ocean 
Layer had twin compound engines and L.P. 
turbine with gearing to a single propeller plus a 
Pleuger rudder. 

Whilst | agree with Mr. Archer that for a given 
size and length of suspended cable the tensions 
are greater in shallow water than in deep water, 
he will appreciate that this is not the condition 
which applies when submarine cable is hanging 
from the bows. The length of submarine cable 
suspended is not restricted; the case quoted by 
Mr. Archer was for an anchored length of chain 
cable totally suspended in (a) shallow and (b) 
deep water, no part of the chain cable being on 
the ground. 

For the reasons why shore-end cable is more 
heavily armoured than deep-sea cable, I refer the 
questioner to page 3, paragraph headed “Laying 
a Shore-End Cable”. 

Some of the advantages of light-weight cable 
are: — 


(i) The obvious one of density. 


(ii) It does not twist under tension—the old type 
(shown in Fig. 1) does twist, thereby tending 
to throw loops at a low tension point, 
normally at the sea bed. Under subsequent 
tension these loops develop into kinks which 
may seriously damage the cable. 


(iii) The steel wires at the centre are more 
effectively protected against corrosion than 
the sheathing wires on old type cable. 


To Mr. Davies 


It would seem I have given the impression that 
the cable tanks are filled with water only when 
the cable is first loaded. Actually this is done at 
every available opportunity during the vessel's 
service on station. 

The difference between a cable laying and a 
cable repairing ship is mainly one of size. As 
stated in the paper, most repairing ships can lay 
up to 500 nautical miles of cable without 
replenishing. A cable layer can usually undertake 
links at least five times that distance. I agree with 
Mr. Davies that both types of ship have bow 
sheaves and that a layer should be able also to 
pay out cable over a stern sheave. 

Mr. Davies asks why it is necessary to turn 
cable over from one tank to another. A repairing 
vessel should carry adequate quantities of each 
type of cable laid in the section of the cable 
system she covers. One such section might have, 
say, nine different types of cable. As there are 
usually only three tanks, even if they are sub- 
divided by an inner ring in each tank, it is evident 
that two or more types of cable will be stored in 
a tank. The Chief Electrician in the ship keeps a 


record of the disposition and lengths of the vari- 
ous types of cable stowed; he also knows the 
amounts of cable stored at the depot which serves 
his ship and he is kept informed of shipments of 
cable which are being freighted to that depot. 
Whilst it is undesirable to disturb cable more than 
absolutely necessary, the Chief Electrician may 
decide to have the allocation of cable altered, and, 
after discussion with the Commander and Chief 
Officer, the transfers of cable between the tanks 
are carried out. 

Taut wire measuring gear is a means of 
estimating the amount of percentage slack of 
cable payed out. A drum of piano wire (see page 
14 “Sounding Machines”) is mounted at the taff- 
rail; it is free to revolve but is brake controlled. 
The end of wire is attached to the cable and, 
while the cable runs out with a certain amount 
of slack, the piano wire is kept taut. The length 
of wire payed out is a measure of the ground 
covered by the ship. This wire is not recovered. 


To Mr. GRAY 


The earliest experiments in submarine tele- 
graphy, so far as I am aware, were carried out in 
1838 across the River Hughli by Dr. O'Shaughnessy 
Brooke, the insulation being split rattan and 
tarred yarn. Signals were transmitted and received 
but the insulation was effective for a very limited 
time. In 1842 Professor Morse laid copper 
wire insulated with rubber across New York 
Harbour and in 1845 Cornell connected Fort Lee 
and New York with a similar cable protected with 
an outer covering of lead pipe. This cable worked 
successfully for about a year. The 1850 cable 
mentioned by Mr. Gray was a copper conductor 
with gutta-percha insulation; it lasted about 24 
hours as it was hooked and broken by a French 
fisherman who thought it was seaweed. It says 
much for the ingenuity and determination of the 
early workers in this field that they were not 
deterred by the disappointment and “mixed 
success” which Mr. Gray mentions. 

From the data given in the table at the top of 
page 2 Mr. Gray will be able to work out the 
density of light-weight cable. I make it about 
98 Ib. per cubic ft., which gives a specific gravity 
of 1°57 compared with approximately 1°025 for 
sea water. 


To Mr. KNOWLES 


When hooked by the Lucas grapnel, the cable 
settles into the base of the groove between the 
hook and the shank. The cable extends outwards 
and downwards on each side of the hook (Fig. 
15a) and the two open arms of the grapnel are so 
shaped (Fig. 15b) that when they snap close they 
force the cable into the serpentine shaped space 
between them and the shank. 

Mr. Knowles is not alone in being puzzled by 
this piece of equipment. A very senior ship sur- 
veyor was my guest on a cable ship and listened 
with great interest to the Commander who 
described its functioning in some detail. A grapnel 
was brought up from the hold so that it could be 


examined and, it was hoped, admired. I am sorry 
to have to say that the very senior ship surveyor’s 
comment was “I don’t believe it!** However, cable 
ships’ officers believe in it and the log books of 
every repairing ship hold evidence of its effective- 
ness. 


To Mr. Pipp 

I am glad this question has been put, as it 
enables me to tie up several loose ends which were 
left in the paper. At the top of the circular side 
plating of each cable tank a short length of round 
bar rail is fitted horizontally and a few inches 
from the inside of the plating. About 6 ft. of the 
cable being stowed extends over the edge of the 
tank and the cable is lashed to the rail; it then 
drops down to the bottom of the tank (or to the 
uppermost layer of other cables already stowed) 
and coiling is begun as described in the fifth 
paragraph of “Cable Laying—Preliminary Work” 
on page 2. All the ends of the cables in each tank 
are thus available for test purposes and for cutting 
back if necessary. 

With regard to the application of voice synthesis 
to the transmission of speech over telegraph 
cables, the principle worked on by investigators 
was to reduce the normal voice frequencies before 
they reached the telegraph cable and restore the 
frequencies at the receiving end. I think it can be 
assumed that the success of the coaxial telephone 
cable with repeaters has put an end to research in 
that direction. 


To Mr. WoRMALD 


I was, of course, expecting a contribution to this 
discussion from Mr. Wormald as his signature, on 
inspection reports relating to cable ships at 
Singapore, is well known to me from past experi- 
ence. 

I am appreciative of the very high praise he 
accords to cable ships for their general standard 
of maintenance. This unsolicited testimonial is in 
line with comments which I have frequently heard 
visitors make on the evident pride in their vessels 
by cable ships’ staff. 

With his comment that the personnel tends to 
follow the procedure and pattern of the Royal 
Navy rather than of the Merchant Navy I am not 
altogether in agreement. I would go a long way 
with him in so far as the deck officers are con- 
cerned, but no distance at all in respect of the 
engineer officers. Overhauls and adjustments to 
main and auxiliary machinery and to boilers are 
carried out by the engineer officers with semi- 
skilled petty officers and non-skilled staff to assist 
them. There is no equivalent of the Royal Navy’s 
engine room artificer in cable ships. 

Mr. Wormald divined correctly that I had 
Ocean Layer in mind when I referred to single 
screw ships (page 5, “Laying a Shore-End Cable”, 
paragraph 5). Many old cable ships, which have 
now passed out of service, were single screw but 
they were operated under great difficulty during 
cable operations. The Pleuger rudder was, I 
believe, originally designed for harbour craft, 
ferries and coasters, and it has given satisfactory 


service in such ships. In my opinion its sub- 
merged electric motor makes it too vulnerable to 
be used in cable ships which frequently operate 
far from drydocking facilities. It is on record that, 
on the Pleuger rudder becoming defective, the 
ship had to abandon a deep-sea cable repair 
Operation in adverse weather and proceed to the 
nearest drydock so that the motor could be 
repaired or replaced. 

With regard to steering gears | am rather sur- 
prised to learn that any master would speak so 
highly of rod-and-chain gear. This type is fitted 
on c.s. Lady Denison-Pender which is now 40 
years old, and in its favour it must be admitted 
that, if my memory serves me aright, she was 
never let down by her steering arrangements. 
However, as Mr. Wormald well knows, the chains 
stretch and adjustments and the cutting out of 
links are consequently frequent. 

Control through shafting and bevels requires 
only normal maintenance to give reliable service. 
The c.s. Cambria was anchored at Montevideo in 
1945 when a vessel entered the harbour; as this 
latter ship did not respond to helm the pilot 
assumed this was due to her reduced speed and 
he ordered “full ahead”. She continued straight 
on her course, carved her way nearly half way 
through Cambria, and Cable and Wireless Ltd. 
lost a grand ship. It was subsequently found that 
several bevel wheels in the steering control shaft- 
ing of the offending vessel were completely out 
of mesh. 

Prejudice against hydraulic telemotor control 
gear may have been in the mind of the master of 
the old c.s. Recorder. That ship, built in 1902 as 
Mr. Wormald correctly says and sold for scrap 
after 50 years’ service as a cable repairing ship, 
gave trouble about 25 years ago off the Queens- 
land coast. It was an isolated incident in the other- 
wise blameless behaviour of the telemotor gear. 
With the exception of the three oldest ships, built 
prior to 1924, all of the Cable and Wireless ships 
have hydraulic telemotor gear and there is no 
prejudice against this equipment by the ships’ 
officers. 

I can assure Mr. Wormald that there has for a 
long time been a strong desire to use diesel pro- 
pulsion in cable ships. To overcome the difficulty 
which he describes, of getting down to low ship’s 
speed when grappling, it is necessary to employ 
diesel-electric machinery, or diesel engines driving 
variable pitch propellers, or to introduce a 
hydraulic coupling or an electro-magnetic slip 
coupling between the diesel engine and the shaft- 
ing. The two new cable ships which will be opera- 
tional in 1961, a layer for the Post Office and a 
repairer for Cable and Wireless Ltd., will have 
diesel-electric propulsion and great interest will be 
taken in their performance. 

I think I might interpolate here an example to 
show that modern techniques are being used in 
cable repairing. A break occurred in the shore-end 
cable at San Juan just inside the harbour entrance. 
The station end was found and buoyed-off with- 
out difficulty. Professional aqua-lung divers were 


employed to find the other end ; working in about 
8 fathoms they located it in a few hours, they also 
surveyed the bottom and advised on the best route 
for the pay-out. 


I am very glad to have Mr. Wormald’s remarks 
on chafing battens. His comments should be kept 
in mind by surveyors during hull examinations in 
drydock. 


It used to be normal procedure to order 
3 in. x 14 in. half-round battens for ships’ stock ; 
they were issued to the ship-repairers as required 
when renewals were necessary. For some reason 
best known to the steel manufacturers, this section 
became unobtainable in the 1930’s and a sub- 
stitute had to be found. It was thought, too, that 
as the half-round section made only point contact 
with the cable, chafing speedily removed the top 
of the curved section and a better batten would 
be a rectangular bar with the sharp outer edges 
removed. 


Mr. Wormald suggests ‘“‘a half-round batten 
imposed on a flat plate strap”. When the 
3 in. x 1} in. batten is well worn over a length, 
it is quite usual to weld a similar (but smaller) 
strip on top of it, thus producing the result which 
he advises. | am interested in his remarks because 


I think what he proposes would be well worth 
while in new construction. 

I agree with Mr. Wormald that my remarks on 
the drying of grappling rope were a counsel of 
perfection and I am in entire agreement with his 
advice to surveyors concerning inspection of 
spaces where such gear is stowed. The usual pro- 
cedure, when a cable ship is brought to England 
for survey, is to discharge all cable and rope at 
Plymouth Depot before proceeding to the repair 
port; all spaces are then fully available for 
inspection. 

With regard to the remarks in his final para- 
graph, I hope Mr. Wormald will one day join me, 
in fitting surroundings, where we can continue this 
discussion. 

It is seldom that such an opportunity presents 
itself, but it seems to me to be appropriate that I 
should here pay my tribute to all of the L.R. 
surveyors with whom I had dealings during my 
324 years of service with Cable and Wireless Ltd. 
My association with them was a happy one and I 
could always rely on their helpful co-operation. 

In conclusion I should like to thank the Com- 
mittee for accepting my paper and to record my 
appreciation of the work of the Printing House 
Staff in the presentation of the text and the care 
taken in reproducing the illustrations. 
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Pumping and 
Piping Arrangements 
By H. R. Clayton 


INTRODUCTION 
A paper on this subject was presented to the 
Staff Association by Mr. J. R. Beveridge in 1939. 
Since that time considerable changes have taken 
place in shipbuilding and marine engineering 
practice and, further, the Pumping Rules have 
been almost completely re-written. These factors 
have contributed to the view that another paper 
on the subject may serve a useful purpose. 
The object of the paper is threefold, viz.:— 
(1) To indicate how plans of pumping and piping 
systems are dealt with in the Engineers’ Plans 
Department. 

(2) To discuss some of the problems which in- 
evitably arise in the application of the Rules. 

(3) To furnish sketches and information of a 
general character which may be of practical 
assistance to colleagues who have not had an 
opportunity of being engaged on this work in 
the Head Office. 

Many of the following notes are quite elemen- 
tary, but their inclusion is necessary in order that 
the subject in hand may be fully covered. 

Further, it is thought that the plentiful use of 
sub-headings will enable any particular passage to 
be more readily found should reference to it be 
desired at some time in the future. 

Steam and feed systems have not been dealt 
with in this paper, it being considered that they 
are of sufficient importance and scope as to 
require separate treatment. 


Plans 

It may be desirable in the first place to say a 
few words on the subject of pumping and piping 
plans in general. 

Until the end of the late war a good proportion 
of these plans were submitted for consideration 
in scale form, and it will be appreciated that a 
great deal of work was often necessary to check 
them. In fact, it was not uncommon to receive 
plans of piping installation arrangements consis- 
ting of six or seven sheets with their related pipe 
and fitting lists. 

Since the end of the war, however, it has 
become the general practice for the plans to be 
submitted in diagrammatic form, and this is now 
a requirement of the Rules, at least so far as 
piping arrangements in the machinery space are 
concerned. 

The advantages of using diagrams are shared 
by all concerned. The builders have basis plans 
from which the scale plans can be built up, and, 
being smaller, they are less expensive, bearing in 
mind that three copies have to be forwarded for 


approval. The Surveyor has plans of reasonable 
size which he can use for reference on the ship 
when checking the arrangements. Finally, such 
plans are more conveniently and quickly dealt 
with in the Head Office and eventually take less 
room in the Records Department when the ship 
is completed, not an unimportant point in view 
of the pressure on the available space. 

Many firms adopt the method of having a 
separate diagram for each of the piping systems 
in the machinery space, which simplifies the work 
and reduces the possibility of mistakes. The 
systems usually dealt with in this way are as 
follows : — 


Bilge Lubricating Oil 
Ballast Compressed Air 
Fuel Oil Transfer Steam 

Fuel Oil Service Exhaust 
Cooling Water Feed 


Other firms combine two, or perhaps three, 
diagrams into one plan, but the first method is to 
be preferred. 

Plans come in from every class of ship and 
engine builder both at home and abroad, and on 
the whole the diagrammatic work is good. There 
are, nevertheless, a few points which may be men- 
tioned with a view to improvement. 

A fairly common mistake is to endeavour to 
show the intended position of pipes in a ship in 
diagrammatic form. This means that if at a res- 
tricted point some pipes have to lie one above 
another they will be represented in the diagram 
by a single line, and it may be difficult for an 
observer to follow the pipes through correctly. To 
prevent any possibility of error each pipe should 
be shown in its entirety, and pipes in a vertical 
plane should be shown diagrammatically lying 
side by side. 

Another point which should be stressed is the 
importance of making it quite clear whether lines 
which cross each other represent pipes which are 
quite separate or form a junction. There are three 
methods in general use which are indicated in 
Fig. 1. Method A is not recommended because 
it frequently happens that the little marks signify- 
ing the flanges are inadvertently omitted, with the 
result that pipes which are intended to be shown 
connected appear to cross each other, as 
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the scheme into confusion. Method B is better, 
but apparently the break in a line which signifies 
a cross-over is sometimes overlooked when the 
plan is traced, with the same result as mentioned 
above. Method C is considered the most reliable 
and is probably the most used. 


GENERAL PUMPING ARRANGEMENT. 


PRINCIPAL DIMENSIONS. 
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SHEET No. 10. 


PUMPING AND PIPING ARRANGEMENTS. 


Strrsurorns : Yarp No. 
ENOmvERRs = Enonve No. 
Borer Makers : Borer Press 
Owners For. 


Crass Conremptate: 100 A.l. 
Type of Vessel: Bmamnger, General Cargo, Panker-Spentet Pra 


Deep Tanks; Water, Gee -Carge-@it-hatex—Moteexs or Dry Cargo. 


Dimensions: Length 445' , Breadth 61.75' , Depth 40.18' to upper deck. 
30.75' to second deck. 
R.QD. (if any): Height , Length : Tonnage 7,800 
Position of Machinery: Amidship 
‘Type of Machinery : Motor. No, of Screws 1 
Power of Machinery (Total); 1.H.P. , BHP. 5.500 , SEP. 
Size of Cooling Water Inlet : “ah poe 
Size of Bilge Injection (Emergency Bilge Suction). 8" BAS. 
fat L(B+D) ,, /445x92.5, 
Size of Main Bilge Line d,= Re +1 eal 5" 5" 
| 
Size of Direct Bilge Saction 5" 5" Pp 


Size of Main Bilge Line in Tankers d, = /3 xd, 


Size of Branch Bilge Suction dy = 4/°B*D) 44 


Frame Spacing 0-10 @ 24", 10-144 @ 30", 144-174 @ 27", 174-185 @ 24". 
| 


Compartment Frames | Length | 
Machinery Space 70-92 55.0' x 92. = 5" P & S(F 
ol = 2.54" | abe f. B eae} 
' 

No. 1 Hold 143-174 70.0 38 +1 = 3.08" 3" 3" P&S 14" Pas 
age 194-143) 97-5" AT pgeA2eF sy = 3.45" oe ba" Pas 1d" Pas 

» 3 wn ’ 

0. 3 Hol 92 a) 30.0 DE age +1 = 2.36" | 2a" pe" P&S 14" PAS 
No.4 Hold = 40-70 75.0! #1 = 3.15" 53" 5a" Pas 14" Pas 
No.6 Hold 13-40 67.5! Bieexee5 = 3.04" | 3" be pas] 29” Pas 
No. 6 Hold 15 
Penks 

Fore 174-185 22.0' Tunnel 23" {et Pd. 
| ” 
aft [0-15 | 27.5" | | eR Art 
Total Length 444.5! , 
Rale Capacity of Power Pumps on Bilge Service 374 d? 3474 x (5.06)* = 96 tons/hour. 
Mot & Cepact Ballast =250 tons/hour. 
. Pee oes ie gle ke | e393 = 70 tons/hour. 


Are these Pumps of Self-Primiag Type? Yes. 
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Whilst on the subject of pipe lines it must be 
emphasised how necessary it is that the sizes of 
the pipes are clearly marked. For the purpose of 
the Rules it is desired to know the bore of the 
pipe. The outside diameter or the thickness 
should also be stated for pressure pipes, also for 
air and sounding pipes which are fitted to tanks 
forming. part of the ship’s structure. 


Two more points are that the direction of flow 
should be indicated on pipes which lead to and 
from pumps, and each pipe should be completed. 
It is not uncommon for a pipe to be shown 
branching out of a main and then discontinued 
without any explanation as to its purpose. 


Diagrams of the bilge system in the machinery 
space should indicate the capacity of the pumps 
on bilge service. It is a requirement of the Rules 
that this information should be furnished, but it 
is unfortunately a fact that failure to comply with 
this simple request leads to much unnecessary 
correspondence. 


Symbols are very helpful in diagrammatic work 
but their use can be greatly overdone. Some firms 
have a table of standard symbols amounting to 
100 or more items, and it is exceedingly difficult 
to keep their meaning in mind without constant 
reference to the table. It is advisable for the 
number of symbols to be kept to reasonable 
proportions, and they should be indicated in some 
convenient position on each plan. In the case of 
machinery space piping diagrams the following 
fittings can be suitably represented by symbols : — 


Screw-lift valve 

Gate valve 

Screw-down non-return valve 
Non-return valve without spindle 
L or T ported cock 
Open-bottom cock 

Self-closing cock or valve 
Deck-controlled valve 

Relief valve 

Reducing valve 

Filter or strainer 

Mud-box with straight tail pipe 
Strum-box 

Sight glass or alarm 


No attempt will be made to suggest a code of 
symbols as most firms have their own ideas on 
the subject and these vary to a large extent. If 
fittings are not represented by symbols they should 
be clearly described on the plan. 


One or two remarks on the question of the sub- 
mission of plans may not be out of place. For 
instance, it sometimes happens that firms who are 
not familiar with the Society’s requirements are 
entrusted with alterations to piping arrangements, 
conversion to oil fuel or the installation of new 
machinery. The work is probably put in hand 
before a proper plan has been prepared, and by 
the time this has been sent in the job may be 
nearing completion. Should any alterations be 
necessary, requests for the same will naturally be 
unwelcome. In all such cases it is advisable not 


to wait until a conventional plan can be made, 
but to forward a rough sketch at the earliest 
moment. Finalised drawings can be sent in at a 
later date. 

If a plan has already received approval and it 
is superseded by a revised plan showing minor 
alterations, it is very helpful if, before forwarding 
the latter plan for consideration, all the alterations 
are ringed in coloured pencil. This will greatly 
simplify examination of the plan. 


SHIP PUMPING ARRANGEMENTS 


Plan of General Pumping Arrangement 


The first plan to be considered will be the 
General Pumping Arrangement which may be 
regarded as the basic plan for a ship’s pumping 
system. In most yards this plan is prepared by 
the shipbuilders and shows the suction pipes, 
together with the air and sounding pipes, for all 
the compartments outside the machinery space. In 
Continental practice the plan is often divided into 
two parts; one part prepared by the engineers 
shows all suction pipes both inside and outside the 
machinery space, whilst the other, which is the 
responsibility of the shipbuilders, shows the air 
and sounding pipes. 

A typical example of this plan for a cargo ship 
of about 450 ft. in length is shown in Fig. 2, and 
for the purposes of illustration the plan will be 
examined in detail. In order to deal with the plan 
in a systematic manner, and to have a permanent 
record of the case, a Calculation Sheet is used ; 
this is shown in Fig. 3. 

It will probably be necessary to refer to the 
principal structural plans for the dimensions of the 
ship, also details of the frame spacing in order 
that the compartment lengths may be calculated. 
Care must be taken to allow for variation in the 
frame spacing which may occur in the compart- 
ments, and it is advisable to check that the sum 
of the compartment lengths agrees approximately 
with the length of the ship. 


Bilge Suctions 

The Rule sizes of the bilge suctions for the 
machinery space and the holds are determined and 
compared with the proposed sizes of the suctions 
in these compartments ; unless otherwise stated it 
is assumed that the sizes shown on the plan 
indicate the bore of the pipes. 

It should be seen that provision is made for the 
drainage of all dry spaces which cannot drain to 
the bilge suctions in the main compartments. 
Cofferdams, duct keels and tunnels, if fitted, 
should be provided with bilge suctions led to the 
main bilge line. The forepeak flat and chain locker 
may be drained by hand pumps. The steering gear 
compartment and other enclosed spaces above 
the aft peak tank may be drained by hand or 
power pump suctions, or by scuppers led to the 
tunnel and fitted with self-closing cocks. 


Tank Suction, Filling and Air Pipes 


The next step is to complete the table of tank 
suction, filling and air pipes shown on the Cal- 
culation Sheet. The suction or air pipes may also 
be the filling pipes, and this could be indicated 
by an arrow in the manner shown in the table. 

Having completed the table it should be ascer- 
tained that the air pipes to tanks which can be 
pumped up have the necessary 25 per cent excess 
cross-sectional area above that of the filling pipes; 
the actual percentage is shown in the example, but 
is not normally recorded. 

A rough rule for obtaining the necessary 
increase in area is to make the air pipes } in. 
larger in diameter than the filling pipe sizes when 
these lie betwen 2 in. and 4 in. bore, and 1 in. 
larger in diameter when the filling pipe sizes lie 
between 44 in. and 8 in. bore. 

Tanks in the category just mentioned are usually 
those arranged for the carriage of oil fuel or water 
ballast which can be pumped up by ship’s pumps 
or shore pumps. The exceptions are (a) oil fuel 
tanks which can be filled only by means of a hose 
loosely inserted in the filling pipe on deck and (b) 
water ballast tanks which can only be “run-up” 
from the sea. 

If, in the case of double bottom tanks, the wing 
and centre suction and filling pipes are connected 
to the same valve chest, the size of the inlet branch 
to this chest may be the limiting factor for filling 
purposes. For instance, a tank may have centre 
and wing suction and filling pipes, 5 in. and 4 in. 
bore respectively, led to a chest which has a 6 in. 
bore branch to the ballast main and/or the oil fuel 
main; obviously the size of the air pipe must be 
related to the size of this branch, which has a 
cross-sectional area less than the combined area 
of the tank connections. 

Again, some firms fit S.D.N.R. valves on the 
wing suctions from double bottom tanks so that 
the tanks can only be filled through the centre 
suctions. The size of the air pipes should then be 
based on the size of the centre suctions. 

Care should be taken to see that all air pipes 
are led to suitable positions above the bulkhead 
deck, and that cofferdams, duct keels and void 
spaces generally are properly ventilated. It is 
considered that two air pipes should be fitted to 
the spaces last mentioned, in order to obtain a 
reasonable circulation of air. This point is stressed 
as not long ago a Surveyor lost his life through 
being asphyxiated after entering a forepeak, this. 
apparently, being a void space without adequate 
means of ventilation. 


Sounding Pipes 


It should be ascertained that sounding pipes are 
provided as near as practicable to all hold and 
tank suctions, and that they are led to accessible 
positions above the bulkhead deck; the only 
exceptions being the short sounding pipes per- 
mitted in the machinery space. If led into tanks 
containing oil, short sounding pipes should be 
fitted with self-closing cocks. 


Sometimes it is not convenient to lead a sound- 
ing pipe through the top of a tank and an elbow 
sounding pipe is employed. This means that the 
sounding pipe will always contain liquid to the 
same level as that in the tank, and in the event of 
the pipe being fractured the contents of the tank 
would be discharged into the compartment in 
which the pipe is situated. For this reason the 
Rules permit elbow sounding pipes only when the 
pipes are situated in a closed cofferdam or an 
adjacent tank containing a similar liquid. 

The equivalent of an elbow sounding pipe is 
often proposed when the collision bulkhead is 
stepped as shown in Fig. 4. In order to obtain a 
straight run for the forepeak sounding pipe it is 
led through the hold and into the tank at the step, 
with the result that in the event of failure of the 
pipe through damage or corrosion where it 
emerges from the forepeak into the hold, the 
contents of the upper part of the tank could be 
discharged into the hold. A better arrangement 
is to lead the pipe through the tank with a slight 
curve so that it terminates in the same position, or 
nearly so, as the straight pipe. 


RECOMMENDED 
POSITION OF 
SOUNDING PIPE 


FORE PEAK 


Fic. 4 


In the case of tugs and other small craft it is 
sometimes an advantage to be able to sound a 
semi-deep tank from the machinery space. As an 
elbow sounding pipe is not acceptable the same 
result can be obtained by leading a straight or 
slightly curved sounding pipe through the side of 
the tank at the top, as shown in Fig. 5. 

At this stage the routine work on this plan 
may be regarded as being completed, but it is 
probable there will be other points to consider 
and the following notes may be useful in this 
respect. 


Non-Return Valves on Bilge Lines in Holds 


These valves are required by the Rules to be 
fitted on the open ends of bilge pipes in holds 
when the pipes pass, at some point in their length, 
through a deep tank. In addition, they are often 
fitted at the owners request or, in the case of a 


SOUNDING PIPE 
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COCK. 
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passenger ship, to comply with the Regulations of 
the International Convention for Safety of Life at 
Sea. 

The Rules stipulate that, if fitted, such valves 
should be of an approved type which does not 
offer undue obstruction to the flow of water. Two 
types which are acceptable are shown in Figs. 6 
and 7, and it will be appreciated that the aim in 
each case is to ensure as far as possible that the 
valve will not become choked with foreign 
matter such as may be found in hold bilges. 


Scuppers for Draining Holds 


Scuppers are sometimes proposed for draining 
holds into the machinery space or shaft tunnel, on 


the basis that if self-closing cocks are fitted the 
requirements of paragraph E209 of the Rules 
regarding intactness of machinery space bulkheads 
and tunnel plating, are not infringed. Experience 
has shown, however, that in order to obtain 
continuous drainage, self-closing cocks are often 
secured in open position, and there have been 
cases where flooding of the machinery space or 
tunnel has continued to the holds, through the 
scuppers, as a result of the misuse of cocks of this 
type. For this reason cocks are not acceptable. 

If scuppers are fitted they should be led to a 
closed drain tank which may be separate from, or 
built into, the ship’s structure ; and where the tank 
serves more than one compartment light screw- 
down non-return valves should be fitted to the 
scuppers to prevent inter-communication between 
the compartments. Such an arrangement is 
especially useful for draining the after holds of 
refrigerated vessels. 

In passenger ships there may be one, or possibly 
two, power operated watertight doors in the shaft 
tunnel between the stern gland and the water- 
tight door in the after engine room bulkhead. In 
such cases only that portion of the shaft tunnel 
situated between the stern gland and the aftermost 
watertight door is required to be watertight in 
relation to the compartments above. The 
section(s) of the shaft tunnel forward of that just 
mentioned may be regarded as part of the holds 
or compartments above, and there is no objection 
to open scuppers from these compartments being 
led to the shaft tunnel, provided the arrangements 
are such that the integrity of the watertight bulk- 
heads is not impaired. 

Cargo ships usually have a recess at the after 
end of the shaft tunnel forming a _triangular- 
shaped flat in the after hold. In order to provide 
drainage for this flat it is sometimes proposed to 
lead a scupper to the tunnel, fitted with a self- 
closing cock. As this is not acceptable a simple 
modification consists of leading the scupper to the 


hold bilge forward of the recess as shown in Fig. 8. 
If this cannot be done owing to the presence of 
wing deep tanks forward of the recess, the flat 
should be drained by means of a bilge suction. 
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Blanking Arrangements for Deep Tanks 


When a deep tank is intended to carry water 
ballast, oil fuel or dry cargo, the Rules require 
provision to be made so that suctions not appro- 
priate to the contents of the tank may be blanked 
off. Quite often an arrangement similar to that 
shown in Sketch “A”, Fig. 9, is proposed, and it 
is assumed that if a spectacle flange is fitted in the 
bilge line, and a change chest is provided for the 
oil fuel and water ballast lines, everything is in 


DEEP TANK, 
SPECTACLE FLANGE 


SKETCH _A 
DEEP TANK. 


A — DOME. 
B— prank. } INTERCHANGEABLE. 
SKETCH Cc 


order. Further consideration, however, will show 
that when the hold is carrying dry cargo, only one 
of the connections to the change chest can be 
blanked and the tank will, therefore, still be con- 
nected to either the oil fuel line or the water 
ballast line. To put matters in order it would be 
necessary for a spectacle flange to be fitted in the 
combined OF/WB connection, so that both these 
lines are isolated from the tank when dry cargo is 
carried. 

Sketches “B” and “C”, Fig. 9, show better 
arrangements inasmuch as they are foolproof and 
considerably lessen the work of changing over the 
connections. 

If, on occasions, vegetable oil or latex are 
carried in the tank such cargoes will probably be 
handled by a shore installation, and it will then be 
necessary to blank off the permanent suction(s) in 
the tank. This can be done by closing the open- 
ing to the suction well as shown in Sketch “D”, 
Fig. 9, and has the advantage of making it 
unnecessary to clean out the well or any part of 
the suction pipe(s) when the liquid cargo has been 
discharged. 

It is recommended that the air pipes to a deep 
tank which can be used for the carriage of dry 
cargo should not be fitted with filling connections. 
Cases have occurred in which a shore hose has 
been attached in error to such a connection resul- 
ting in damage to cargo carried in the tank. 
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Wing Suctions in Double Bottom Tanks 


Wing suctions are not necessary in small ships, 
but it is sometimes difficult to decide when they 
should be fitted in order to comply with para- 
graph E 202 which calls for means of drainage 
when the vessel has a list of not more than five 
degrees. As a rough rule it is considered that 
wing suctions should be fitted in double bottom 
tanks when all three of the following conditions 
are realised : — 

(1) The rise of floor is less than five degrees. 
(2) The beam of the ship is over 40 ft. 
(3) The length of the tank is over 40 ft. 

Exceptions may be made in the case of tanks 
fore and aft of the parallel body where the quan- 
tity of water which could lie in the wings will be 
considerably reduced. 

In some cases where the dimensions of the tank 
have not been greatly in excess of those just men- 
tioned, one suction has been accepted on each 
side when situated about 10 to 15 ft. from the 
centre line, but this is not considered as satisfac- 
tory as having wing and centre suctions. 


Compartments for Echo Sounding Devices 


Many ships are fitted with an echo sounding 
device in a separate compartment in the double 
bottom. In most cases this compartment is very 
small and proposals to dispense with means of 
sounding, draining and ventilating the compart- 
ment have been accepted. 


Closing Appliances for Air Pipes 


It cannot be too strongly emphasised that if 
closing appliances are fitted to tank air and over- 
flow pipes in order to comply with Freeboard 
Regulations, they should be of a type which will 
Open automatically when subjected to internal 
pressure. 

It may be said, with some truth, that the old- 
fashioned wooden plug and canvas cover are not 
in the above category, but their acceptance is 
hallowed by tradition, and there is always the 
possibility that the plug would blow out before 
the pressure in the air pipe rose to a point which 
would endanger the tank. 

In certain war-time built ships, not classed by 
the Society, the tank air pipes are fitted with a 
hinged flap arranged so that it can be held up to 
the mouth of the air pipe by a butterfly nut. If a 
tank is pressed up with the flap in the closed 
position structural damage to the tank is highly 
probable. 

Great ingenuity has been shown in the design 
of air pipe closing appliances, but it is considered 
that the best arrangement, combining simplicity 
with safety, consists of a hood which can be placed 
in open or closed position as desired. A sketch of 
this type of closing appliance is shown in Fig. 10. 
When closed, very little pressure is required to 
lift the hood and allow air or liquid to escape 
from the tank. Normally, the hood should be 
opened before the tank is pumped out, but in the 
event of failure to do this the slots in the hood 


would prevent the creation of a vacuum in the 
tank. 

Closely related to the foregoing remarks is the 
question of gauze covers in the air pipes of oil 
fuel tanks. The Society's Rules, and so far as 
the Author is aware, the Rules of other Classifica- 
tion Societies and similar bodies, require these 
covers to be fitted, but it is possible for these 
fittings to constitute a danger to the tanks which 
they are intended to safeguard. 

In the first place it is probable that the clear 
area through the gauze is less than the cross- 
sectional area of the air pipe for the reason that 
there is no simple way of checking this point. 
Further, the passage to and fro of oily vapour 
eventually results in the gauze becoming choked. 
The Rules require the gauze cover to be readily 
removable for cleaning, but there is no guarantee 
that this will ever be done. 

The position then is that in spite of the care 
taken to ensure that the air and overflow pipe is 
the correct size, a tank can be damaged through 
over-pressure simply because the air pipe has been 
blocked by the gauze cover. 

It is the Author’s opinion that gauze covers are 
of little value where the flash point of the oil is 
above 150° F. and that they could be omitted to 
the great advantage of the tanks, from the point 
of view of structural safety. On the other hand 
gauze covers have been in use since the advent 
of oil fuel, and it is doubtful whether any 
authority would be bold enough to take the lead 
in abolishing them. The views of colleagues would 
be especially welcome on this matter. 


Flooding of Holds 


Proposals to flood one or two of the holds in 
order to ballast a ship when in light condition are 
made by Owners from time to time. Whilst this 
practice is not looked upon with favour by the 
Society, such proposals have been accepted in 
certain cases subject to special precautions being 
taken. Each case should, of course, be submitted 
for consideration. 


Carriage of Cased Petroleum in Cargo Holds 


Requests are received from time to time for 
information as to the Society’s requirements 
relating to the carriage of low flash oil in drums, 
barrels or cases in the normal cargo holds of 
classed ships. On these occasions it has to be 
explained that we have no requirements in con- 
nection with the carriage of such cargo, but in 
our opinion it is desirable that certain precautions 
should be adopted, viz. :— 


(1) Provision to be made for the adequate and 
continuous ventilation of the holds, and ven- 
tilator openings to be fitted with gauze. 

(2) The hold bilge suctions to be blanked off in 
readily accessible positions in the engine 
room. In addition, screw-lift valves to be 
fitted between the spectacle flanges and the 
bulkhead, so that the pipes can be isolated 
when handling the spectacle flanges. 
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(3) Notice plates to be fitted in the vicinity of 
the valves stating that the blanks are to be 
inserted in the suctions when petrol is carried 
in the holds, and are to remain in place until 
petrol leakage in the hold bilges has been 
drained by the hand pumps. The bilge 
suctions are not to be used except in case of 
grave emergency. 

(4) Gunmetal hand pumps of plunger type to be 
fitted in accessible positions in “tween decks 
above hold or on deck, having discharges 
directly overboard. These pumps to be used 
for dealing with any leakage from the petrol 
containers. 

(5) If No. 1 hold is the hold in question and if 
the chain locker is aft of the fore peak bulk- 
head, the chain locker bulkhead to be gas- 
tight. 

(6) No electrical fittings or cables to be situated 
in hold. Single wire system not permitted. 

It may be added that the above points cannot 
be enforced as a condition of class since the types 


of cargoes loaded into a normal dry cargo hold 
cannot be controlled by a Classification Society. 


From a general viewpoint it is considered that 
the type of ship best suited for the carriage of 
cased petrol is a motorship, preferably having the 
machinery aft. 


Further, it would be advisable for the owners 
to consult the relevant clauses of The Merchant 
Shipping (Dangerous Goods) Rules, 1952, which 
state in particular that :— 


“Tt shall be unlawful for liquids which the 
owner of the ship or any of his servants or agents 
knows or ought to know to be inflammable to be 
taken on board any ship to which this Rule applies 
for carriage in that ship as cargo unless ventilation 
adequate in the circumstances is provided for the 
spaces in which the liquids are to be carried.” 

There is also a fuller statement on the matter in 
Section 5 of the “Report on the Carriage of 
Dangerous Goods and Explosives in Ships” issued 
by the Ministry of Transport in 1957. 
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Carriage of Edible Oil and Similar Cargoes 


It is not intended to discuss the question of 
pumping in relation to these cargoes since all 
aspects of their carriage, including pumping 
matters, have been adequately covered in Mr. J. 
Wormald’s “Notes on Deep Tanks for Edible Oils 
and Similar Cargoes” issued by the Committee as 
a supplementary source of information to the 
official Instructions to Surveyors, Part 11(i) (1954). 


Carriage of Sulphuric Acid 


There are several ships classed with the Society 
which carry concentrated sulphuric acid in cylin- 
drical tanks, separate from the ship’s structure. 
Provided the sulphuric acid has a concentration of 
98 per cent it may be carried in mild steel tanks, 
but if the concentration falls below this figure the 
acid has a corrosive effect on steel and the tanks 
must be lined with an acid-resisting material. 

The tanks should be constructed in accordance 
with the Rules for Welded Pressure Vessels, Class 
2B, by a firm approved by the Society for this 
class of welding. 
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In British ships proposals to carry sulphuric acid 
in large containers must have the approval of the 
Ministry of Transport. 


Carriage of Wine in Bulk 


From the point of view of pumping arrange- 
ments this cargo is regarded in the same light as 
oil and, accordingly, the basis of treatment 
depends upon the flash point, whether it is above 
or below 150° F. 


If the flash point is above 150° F. the wine may 
be carried in suitable tanks in ordinary cargo ships 
and the pumping arrangements should comply 
with the requirements for oil fuel so far as they 
are applicable. In these cases a notation could be 
recommended such as “Carrying wine in bulk in 
deep tanks, F.P. above 150° F.”. 


Where the flash point is below 150° F. the ship 
should conform generally to the same arrangement 
as an oil tanker. Im one such case a tanker 
adapted for the carriage of wine had the notation 
“Carrying petroleum or wine in bulk”. 
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A simple pumping diagram for this cargo is 
shown in Fig. 11. The acid is loaded into the 
tanks through a single line on deck and is dis- 
charged through the same line after being expelled 
from the tanks under the action of compressed air. 
An air pressure as high as 100 Ib. per square inch 
has been used, but it is probable that a lower 
pressure would be quite effective. 


As mentioned in the Society’s Annual Report 
for 1958 plans of a small sulphuric acid tanker 
have been approved, in which the tanks form part 
of the hull structure. In this ship displacement of 
the acid by compressed air will not be possible 
and it is understood that the acid will be dis- 
charged by deep well pumps, situated in the tanks 
and driven by electric motors on the upper deck. 


BILGE AND BALLAST SYSTEMS IN THE 
MACHINERY SPACE 


Bilge System for Vessel with Machinery Amid- 
ships 

In this system the principal features are the 
main bilge line, to which the bilge suctions from 
the various compartments are connected, and two 
bilge pumps arranged to draw from this line and 
from direct bilge suctions in the machinery space. 
In addition, there is an emergency bilge suction 
from the machinery space led to the main circu- 
lating pump or to the cooling water sea inlet line, 
commonly called the bilge injection. 

One branch and one direct bilge suction are 
fitted on each side of the machinery space, and 
the bilge injection is fitted on the opposite side to 
the larger of the direct bilge suctions. 
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One of the direct bilge suctions should be of a 
size not less than that of the main bilge line and 
the other not less than that of the branch bilge 
suctions in the machinery space. In motorships 
the bilge injection should be the same size as the 
suction branch of the cooling water pump and in 
steamers it may be two-thirds of this size. 

Some’ owners of motorships are not keen on 
fitting a bilge injection to the salt water cooling 
pump, contending that there is a possibility of oil 
from the bilges being deposited on the internal 
cooling surfaces of the engine, and thereby impair- 
ing the transfer of heat to the cooling water. To 
meet this objection the Rules allow an alternative 
to the bilge injection in the form of an emergency 
bilge suction led to the largest available power 
pump and of the same size as the suction branch 
of the pump. If this is a self-priming pump the 
small direct bilge suction previously mentioned 
may be omitted. 

A bilge diagram for the machinery space of a 
general cargo ship is indicated in Fig. 12 and is 
arranged and dimensioned to make it comple- 
mentary to the plan of General Pumping Arrange- 
ment shown in Fig. 2. Incidentally, this diagram 
illustrates the alternative to the bilge injection 
described in the previous paragraph. 


Bilge System for Vessel with Machinery Aft 


The diagram of the bilge system in these ships 
is similar to that just described with the exception 
that it is more difficult to legislate for the position 
of the various bilge suctions in the machinery 
space, and many cases have to be decided on their 
merits. 

In large vessels there is generally a complete 
double bottom and it is customary for a branch 
bilge suction to be fitted in each of the forward 
wings and in the after well. The large direct bilge 
suction and the bilge injection should, strictly 
speaking, be on opposite sides, but since there is 
a greater tendency to variations in trim in these 
vessels, and the amount of water which could 
accumulate in the wings in the event of a list 
would be less than in the case of a vessel with 
machinery amidships, there is some justification 
for fitting the large direct bilge suction and the 
bilge injection at the opposite ends of the 
machinery space and not on the opposite sides. 

In practice the large direct bilge suction is often 
fitted in the after well, and the bilge injection and 
the small direct bilge suction on opposite sides at 
the forward end. 

In the smaller vessels of this type it is fairly 
general to have open floors in the machinery 
space, and since this compartment is in most cases 
comparatively short the rise of floor is sharp 
enough at the forward end to make wing suctions 
unnecessary. In these circumstances the Rules 
require one branch and one direct bilge suction, 
plus the bilge injection, all of which should be 
fitted at the centre line or reasonably near thereto. 

There may, however, be a partial double bottom 
at the forward end of the compartment, and 


provided this is not too long and allows water to 
drain readily aft into the open floors, the number 
and arrangement of bilge suctions may be as 
described above for open floors. 

A typical bilge diagram for the machinery 
space of a medium sized oil tanker is shown in 
Fig. 13. 


Bilge Suctions in the Machinery Space 


Branch and direct bilge suctions in the mach- 
inery space and tunnel should be led from easily 
accessible mud-boxes fitted at platform level with 
straight tail pipes to the bilges. The idea, of 
course, is that foreign matter in the bilge water 
will be trapped in the mud-box which is in a posi- 
tion where it can be quickly and easily cleaned, 
and in that sense the arrangement is a boon to 
the ship’s staff. 

In spite of this, however, it is often proposed 
to add a strum-box at the lower end of the tail 
pipe which, if fitted, could become choked instead 
of the mud-box and result in some poor soul 
having to “bilge-dive” into two or three feet of 
dirty water to clear it. To avoid this happening 
it is clearly stated in the Rules that strum-boxes 
are not to be fitted at the lower end of the tail 
pipes. 

Nothing is said in the Rules about the fitting of 
a mud-box or strum-box to the emergency bilge 
suction. Practice and opinions vary considerably 
as to whether they should, or should not, be 
fitted, but in the Author’s view strum-boxes 
should be avoided. Even if they are large they will 
almost certainly get clogged up in the process of 
time and when the suction is needed the necessary 
area through the holes may not be available. 
Mud-boxes at floor level may be, and often are, 
fitted on small suctions, but in larger sizes the 
tail pipe should be secured direct to the valve, the 
lower end of the pipe terminating several inches 
above the ship’s plating. An open-ended pipe, 
slightly bell-mouthed if possible, will ensure that 
the suction can be used to its fullest extent, and 
since it will only be required when large quantities 
of clean sea water have invaded the machinery 
space, the danger of choking is very remote. 


Bilge Pumps 


In all self-propelled vessels the Rules require 
at least two power operated bilge pumps to be 
provided in the machinery space. If there is a 
class notation restricting a vessel to harbour or 
river service concessions are sometimes made and 
a hand pump may be accepted in lieu of one of 
the power pumps. 

The pumps may be used for ballast, fire or 
other general service duties of an intermittent 
nature, but should be immediately available for 
bilge duty if required. It may be thought unneces- 
sary to mention that pumps which are normally 
in continuous operation on other services such as 
salt or fresh water cooling systems cannot be 
accepted as bilge pumps, but quite a number of 
firms seem to be unaware of this. 
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It is essential that the Rule bilge pumps should 
be of self-priming type, or capable of being 
quickly and adequately primed by some indepen- 
dent means. 


The slow working plunger type pump, used 
since the earliest days of steam propulsion, is 
probably the most satisfactory agent for drawing 
water from ships’ bilges, but with the advent of 
motorships and the increased use of electrical 
power for auxiliary services the centrifugal type 
pump has come to the fore. Generally, these 
pumps are designed to be self-priming, but there 
are cases where ordinary type (non-self-priming) 
centrifugal pumps are fitted in conjunction with a 
centralised priming system. This consists of a 
suitably constructed tank maintained automati- 
cally under a vacuum by air exhausting units with 
connections led to the tank from the pumps con- 
cerned. Each pump can be put into communica- 
tion with the vacuum tank by means of a control 
valve and, in addition, a special float operated 
priming valve is provided to ensure that the liquid 
with which the pump is being primed will not be 
carried over to the vacuum tank. Further, a non- 
return valve is fitted in the discharge branch to 
prevent entry of air from this side of the pump 
while it is being primed. Such an arrangement is 
acceptable provided there are not less than two 
air exhausting units and the whole system is 
thoroughly tested and proved satisfactory under 
working conditions. 

Proposals to fit centrifugal pumps of non-self- 
priming type on the grounds that they can be 
primed from the sea are not acceptable to the 
Society, although it is understood that such pro- 
posals have been agreed to on occasions by other 
Authorities. 

There are various types of rotary displacement 
pumps on the market at the present time, and 
some of these have excellent self-priming charac- 
teristics. Further, because of the rolling action of 
the working parts or the use of special materials, 
or both, they are able to give years of good 
service as bilge pumps. 

Pumps of gear wheel type are not, in principle, 
considered suitable for bilge service. They may 
have a moderate suction lift when new, but the 
abrasive action of bilge water can quickly impair 
their efficiency. 

A new development, which is growing in 
popularity, is the use of a bilge ejector supplied 
with high pressure water from an associated sea 
water pump. The capacity of the ejector on bilge 
duty may be only about half the capacity of the 
sea water pump, but the arrangement has the 
advantages that the pump need not be self- 
priming and, since it is not contaminated by bilge 
water, can also be used for services requiring a 
supply of clean sea water. 

Contrary to belief in some quarters the Society 
does not maintain a list of pumps which have 
been approved for bilge service. The question of 
the acceptance of any particular pump is left to 
the discretion of the Surveyor who is responsible 


for the supervision of the pump during construc- 
tion and testing at the makers’ works. Final 
acceptance will, of course, depend on the pump’s 
performance when tried on the ship under work- 
ing conditions. 

Some notes on the survey of pumps during 
construction are given in Appendix I. 


Capacity of Bilge Pumps 

The required capacity of the bilge pumps will 
depend upon the Rule size of the main bilge line. 
These capacities are indicated in the Table in 
paragraph E 236, but may be obtained without 
reference to the Table by multiplying the square 
of the bilge main diameter by 3°74. 

It may be handy at times to remember that the 
size of the bilge main of a dry cargo ship can be 
determined roughly by dividing the length of the 
ship by 100 and adding 1. Thus for a 450 ft. ship 
the bilge main size would be approximately 
4°5+1=5-Sin., and the bilge pump capacity 
would be roughly 5°5*><3-74=113 tons per hour. 
Since the Rules require not less than two bilge 
pumping units to be provided the total capacity 
will be twice the figure just mentioned. 

One of the bilge pumping units may have a 
capacity less than that required by the Rules pro- 
vided the deficiency is made good by the other 
unit. The Rules do not state what percentage 
reduction is allowed for the smaller unit, but 
obviously there must be a lower limit otherwise 
the pumping capacity of the ship would be 
seriously impaired in the event of the larger unit 
being out of commission either through break- 
down or use on some other essential service. In 
general it is considered that the lower limit should 
be 60 per cent of Rule capacity although in some 
exceptional cases a figure of 50 per cent has been 
allowed. 

The term bilge pumping unit mentioned above 
usually means one pump, but either unit may 
consist of more than one pump provided the com- 
bined capacity of all the pumps is not less than 
the total Rule capacity. 


Bilge Valves and Cocks 


Since the bilge suctions from the various water- 
tight compartments in the ship, including the 
machinery space, are connected to the main bilge 
line it is essential that each suction should be con- 
trolled by a screw-down non-return (S.D.N.R.) 
valve in order to prevent inter-communication 
between the compartments. 

Further, bilge pumps are usually required to 
draw from the sea or from ballast tanks and in 
order to prevent water entering the main bilge 
line. or the machinery space via the direct bilge 
suction, the bilge valves in the pump suction chest 
should also be of S.D.N.R. type. 

In smaller ships cocks are often preferred to 
valves and in order to obtain effective isolation 
of the sea or the ballast line from the bilge lines 
“IL” ported or open bottom single ported cocks 
are used. With cocks, however, there is always 
the danger of a flow-back through the pump either 


from the overboard discharge connection at the 
ship’s side or from the discharge of another pump. 

A case occurred soon after the Author joined 
the Society in which a coaster had grounded in the 
Thames, and the rising tide had been unable to 
free her from the suction of the mud. The tide 
had risen during the night when the engine room 
was unoccupied, and whilst the water did not 
reach a point higher than deck level it was dis- 
covered the following morning that the engine 
room had been flooded. The cause of the flooding 
was eventually traced to a flow-back via an open 
ship’s side discharge valve, the centrifugal general 
service pump and a direct bilge suction from the 
machinery space which was open to the pump 
through an “L” ported cock. 

There have been several other cases of flooding 
similar to that just mentioned and to guard against 
such occurrences direct bilge suctions should be 
fitted with a non-return valve, whether a cock is 
fitted at the suction branch of the pump or not. 
Exceptions to this general rule may be made in 
the case of reciprocating or other pumps having 
internal or external valves which would effectively 
prevent any flow-back through the pump. 


Water Ballast System 


When dealing with the diagram of this system 
the sizes of the suction and filling connections to 
the various water ballast tanks should be checked 
with those shown on the plan of General Pumping 
Arrangement, since it frequently happens that a 
change is made in the sizes, more often than not 
in an upward direction. If any increases have 
been made it may be necessary to draw attention 
to the fact that corresponding increases will be 
required in the sizes of the tank air and overflow 
pipes. 

In most ships there are some tanks which are 
arranged to carry oil fuel alternatively with water 
ballast and as the ballast line is used for pumping 
water out of the tanks, it will become contamin- 
ated with oil fuel, or “dirty”, to use a somewhat 
descriptive term. Bearing this in mind it is difficult 
to understand why it is so often proposed to con- 
nect to this line tanks which are intended to carry 
fresh water alternatively with water ballast, seeing 
that oil fuel will be admitted to these tanks in 
some degree when they are filled with water 
ballast via this line. 

The Society can only raise objection to this 
arrangement when the fresh water carried in any 
of these tanks is intended to be used for boiler 
feed, but it is obvious that it would take very little 
oil to make the fresh water unfit even for domes- 
tic washing purposes. 

The tanks generally concerned in the foregoing 
remarks are the fore and after peaks and a simple 
remedy is to make the ballast valves of S.D.N.R. 
type so that the tanks can be pumped out, but not 
filled, by means of the dirty ballast line. Since 
the peaks are arranged to carry fresh water they 
will be provided with deck filling pipes and these 
can be used to fill the tanks with sea water by 
means of a hose connected to the wash deck line. 


The alternative is to install a separate clean ballast 
line for tanks which are intended to carry water 
ballast or fresh water. 


Separation of Bilge and Ballast Systems 


At this stage it may be well to refer to an 
important requirement of the Rules for Pumping 
Arrangements, viz: that the ballast system should 
be entirely separate and distinct from the bilge 
system. This is well understood by builders of 
the larger ships, but is not realised by all builders 
of coasters, tugs, trawlers and other small craft. 

In the latter ships, the tanks carrying water 
ballast may be few in number, possibly only the 
fore and after peaks, and there is a strong temp- 
tation to dispense with a ballast line and connect 
all suctions to the bilge line. 

Separate systems are, however, necessary to 
enable the pumps to work simultaneously on 
both services and to prevent, as far as possible, 
the access of water from the sea or from ballast 
tanks into dry compartments. It is granted that 
many builders of these small vessels have evolved 
standard pumping arrangements which are quite 
satisfactory, but on the other hand there are cases 
which leave room for improvement. 

Accordingly, it may be helpful to give some 
examples of pumping arrangements in the machi- 
nery space which would be suitable for small 
ships, and these are indicated at the end of this 


paper. 


Suction Lifts 


It is, of course, necessary for the pumping 
arrangements to be tested on the completion of 
every ship and found satisfactory. In order, 
therefore, to obtain good results it is desirable 
that suction lifts should be kept to a minimum. 
Attention is particularly drawn to this point since 
experience shows that estimates as to the lifting 
capacity of pumps are frequently over-optimistic. 

Further, the effect of the temperature of the 
liquid being pumped is not always appreciated and 
in this connection the curves shown in Fig. 14 
indicating the lifts which may be obtained with a 
reciprocating pump at various water temperatures 
may be of assistance when pumping problems are 
under consideration. 


Overboard Discharge Valves 


It is a requirement of the Rules that all over- 
board discharge pipes from pumps should be 
fitted with a valve at the ship’s side. 

The type of pump will determine, to some 
extent, the pattern of valve fitted, and the follow- 
ing are in general use: — 

Sluice valves 

Screw-lift valves 

Straight-lift non-return valves 
Swing-check non-return valves 


All the above valves are acceptable, but if the 
first two mentioned are fitted in association with 
positive displacement pumps, means should be 
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provided to ensure that the discharge pipe cannot 
be subjected to excessive pressure in the event of 
the pump being started with the valve closed. 
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OIL FUEL SYSTEMS 


Adoption by Society of 150° F. as Minimum F.P. 
of Oil Fuel 


The Society first agreed to the burning of oil as 
fuel on a classed ship in 1898 and between then 
and 1902 several more oil-burning ships were built 
to class. 

As there were no Rules for oil burning, each 
case was dealt with on its merits and accepted 
with the proviso that the flash point of the oil 
fuel should be not less than 200° F. 

In November, 1901, a letter was addressed to 
the Society by a firm, the forerunner of one of the 
leading oil companies of the present day, in which 
they stated that upon their representations the 
Colonial Office had decided to allow liquid fuel 
having a flash point not less than 150° F. to be 
used for ships’ bunkers in Hong Kong harbour. 
They also enclosed a copy of a letter written to 
them by a famous authority on oil burning in 
Russia, stating that he considered oil fuel having 
a flash point of 70° C. (158° F.) to be safe. 

At this time the Rules for carrying and burning 
liquid fuel were being prepared and after further 
enquiries it was decided to adopt a minimum flash 
point of 150° F. in place of 200° F. as previously 
required. 

Suggestions have been made that a lower 
minimum flash point should be accepted, but the 
Society has not agreed to any alterations. 


Oil Fuel Transfer System 


Mention has already been made of oil fuel 
tanks which are also arranged to carry water 


ballast, and if these tanks are initially filled with 
oil fuel, the change-over to water ballast will be 
gradual as the oil is consumed. Accordingly, to 
enable transfers of oil to be made to the daily 
service or settling tanks at the same time as 
ballasting of tanks is in progress, it is usual to 
connect the tanks to two separate lines. This, 
incidentally, is a requirement of the Rules unless 
the service or settling tanks have a capacity suffi- 
cient for at least 12 hours normal running without 
replenishment. 

Further, since it is desirable to use one line for 
water ballast and the other for oil fuel, devices 
are generally provided by means of which a tank 
can be placed in communication with one line and 
isolated from the other, according to the contents 
of the tank. Such devices are, however, not 
required by the Rules. 

In British practice a change-over chest having 
a dome and blank is usually employed. Two 
designs for such a chest are shown in Figs. 15 
and 16, the main difference being the inclusion in 
one design of a master valve for each system in 
addition to the tank valves. 

It will readily be appreciated that if the fore- 
going arrangements are to be effective, there 
should be a separate device for each tank. In 
spite of this, proposals are often made to provide 
one device for a group of tanks and since, in order 
to deal with the contents of one tank, the device 
may be in a position not appropriate to the con- 
tents of another tank, it serves no useful purpose 
and might as well be omitted. 

A good arrangement, adopted more or less as 
standard by Scandinavian shipbuilders, is shown 
in Fig. 17. The suctions from dual purpose tanks 
are led to cock chests by means of which the 
tanks can be connected to either of two lines. Two 
pumps are arranged to draw from and discharge 
to these lines; one of the pumps is primarily a 
ballast pump and the other an oil fuel transfer 
pump, but the ballast pump can serve as stand-by 
to the transfer pump. With this system there are 
no tedious blanking arrangements and oil fuel can 
be drawn from, and pumped to, any one of the 
storage tanks, should this be necessary. 


Stand-by Oil Fuel Transfer Pump 


The Rules require a stand-by transfer pump to 
be provided if a power-driven pump is necessary 
for pumping up the settling tanks, but this does 
not mean that there must be two transfer pumps. 
In oil-burning steamers it is a simple matter to 
arrange one of the unit pressure pumps as a stand- 
by transfer pump, but in motorships there is often 
some doubt as to how the requirement can be 
met. 

If a motorship burns heavy oil in the main 
engines and diesel oil in the auxiliaries it is quite 
likely there will be a separate transfer pump for 
each system. The suction and discharge sides of 
these pumps can be cross-connected and spectacle 
flanges may be fitted if it is desired to keep the 
systems separate. In an emergency the blanks can 
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be changed, enabling either pump to take over all 
transfer duties. 

The essential feature about a stand-by transfer 
pump is not that it should be able to undertake 
all the duties of the working pump, but that it 
should be able to draw oil from any of the storage 
tanks and discharge it to the service or settling 
tanks in sufficient quantity to keep the machinery 
working. Accordingly, if the oil fuel purifier 
pumps which discharge to the daily service tanks 
are arranged to draw from the oil fuel main they 
may be regarded as fulfilling the purpose of a 
stand-by transfer pump. 

A hand pump may also be accepted for this 
duty provided it is of sufficient capacity. 

If a hand pump only is fitted for oil fuel 
transfer, as in some of the smaller ships, no stand- 
by pump is required. 


Outlet Valves on Deep O.F. Tanks 


It is often thought that the outlet valves on 
deep oil fuel tanks should be of steel, but this is 
not the case, and ordinary cast iron of good 
quality is acceptable. 


Filling Connections on Deep O.F. Tanks 


If filling connections are not led to the top of 
deep oil fuel tanks they should be fitted with 
S.D.N.R. valves secured to the tank plating. Alter- 
natively, screw-lift or sluice valves may be used 
provided an internal pipe, adequately supported, 
is led from the filling connection to the top of the 
tank. 


Oil Fuel Burning System 


The Society’s requirements for oil fuel burning 
arrangements are now well known and it is not 
often that adverse comments have to be made on 
diagrams of these systems. 

This is a different state of affairs from that 
ruling in the years immediately following the last 
war when coal was in short supply, and the 
gigantic task was taken in hand of converting the 
pre-war and war-time built fleets of ships from 
coal to oil burning. 

In many instances the work was carried out by 
firms unfamiliar with the Society’s requirements 
and for the assistance of all concerned Circular 
No. 1866, “Conversion to Oil Burning or for 
Carriage of Oil Fuel” and its attached Memor- 
andum, were issued. Conversions are still pro- 
ceeding, and in view of the time which has elapsed 
since the issue of the above Circular it has been 
thought well to include a copy of the Memor- 
andum as Appendix II. The Memorandum has 
been slightly modified to bring it into line with 
the present Rules. 


Oil Burning Units 


It is generally understood that the oil fuel 
pressure pumps required by paragraph E 302 
should be independently driven. Nevertheless, 
proposals have been received in which one of the 
pumps has been driven by the main engine. This 


pump would, of course, be useless if the ship was 
manceuvring and accordingly such a proposal is 
not acceptable. 

Further, it is sometimes thought that in the case 
of a duplex unit a single clean-in-service filter can 
be substituted for either two suction or two dis- 
charge filters of ordinary type. Again, this is not 
acceptable and the filters should be in duplicate 
irrespective of the type fitted. 


Starting-up Units 


Paragraph E 306 of the Rules requires a hand 
pump or other suitable device to be provided for 
starting up from cold, and occasionally it is pro- 
posed to fit an electrically driven pump in place 
of a hand pump. This is in order provided the 
electrical power is supplied by an emergency gen- 
erator, or any other generator which can be 
started by hand or by compressed air supplied 
from a hand compressor. It may be added that the 
starting-up pump could be omitted if one of the 
unit pressure pumps is electrically driven and 
power can be supplied in the manner just men- 
tioned. 


Hot Oil Discharge Pipes 


During the last few years the pressure in the 
hot oil discharge lines to the boilers has been 
steadily increasing. Several installations have a 
working pressure of 600 lb. per sq. in., and 
installations working at higher pressures are under 
consideration. This necessitates workmanship of 
the best quality in all pipes and fittings subjected 
to these high pressures, and increased attention 
should be paid to the requirement regarding the 
placing of these pipes in readily visible and well 
lighted parts of the machinery space. 

This is especially necessary in tankers and other 
ships with machinery aft, where the units may be 
situated at the after end of the engine room and 
the discharge pipes are led up through the floor 
of the boiler flat above. 


Quick-Closing Master Valve on Hot Oil Supply 


This valve is required by the Rules to be fitted 
on the hot oil supply to the boiler manifold, and 
in some quarters it is thought the valve should 
necessarily be of a type which can be controlled 
from outside the machinery space. This is not 
the case, however, since the valve is intended for 
local operation in an emergency. It may be an 
ordinary valve having a spindle with a very coarse 
thread to permit of rapid closing. Alternatively, 
a lever-weighted straight through cock could be 
used, the lever being normally in the 10.30 o’clock 
position with the cock open and in the 1.30 posi- 
tion when closed. 


Automatic Oil Burning Equipment for Donkey 
Boilers 


Donkey boilers are being fired to an increasing 
extent by oil burning equipment of the fully auto- 
matic type. The units are completely self-con- 
tained including pump, heater, filters, fan and 
control gear, and enquiries are sometimes received 
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as to the Society’s requirements for such equip- 
ment. It is not necessary for plans of these units 
to be forwarded for consideration but they 
should be constructed under survey and comply 
with the Rules so far as they are applicable. 
Further, the equipment should be examined under 
working conditions after installation on board the 
ship, in order to test the efficiency of the auto- 
matic devices fitted. 


Dumping Pipes from Daily Service and Settling 
Tanks 


The regulations of some countries require 
means to be provided for rapidly emptying daily 
service and settling tanks situated in the upper 
part of the machinery space, in the event of fire 
in this compartment. 

Naturally, space must always be available into 
which the oil can be discharged, and it is some- 
times proposed that the cofferdam in way of the 
double bottom tanks under the machinery space 
should be used for this purpose. Such proposals 
have been accepted, as the advantages of being 
able to dump the oil in an emergency outweigh 
the disadvantages of using the cofferdam. This 
space will, of course, require a suction led to the 
oil fuel main or to the transfer pump so that the 
oil can be removed when the emergency is over. 


Sounding Arrangements for Daily Service and 
Settling Tanks 


The desirable properties of any apparatus 
employed. for indicating the level of oil in these 
tanks may be summed up as (a) safety, (b) relia- 
bility, (c) simplicity. From the great variety of 
devices in general use it is fairly evident that no 
particular type completely fufils all these require- 
ments. 

Generally speaking, the apparatus falls into one 
of the three following categories : — 

(1) Gauge glasses 

(2) Float indicating gear 

(3) Contents gauges 
and these will be briefly discussed. 

Gauge glasses: The Rules now require the glass 
to be of heat-resisting quality such as “Pyrex”, 
and the restriction on round glasses has been 
removed. If the latter are fitted they should be 
protected by a strong steel tube having a slot just 
sufficiently wide for the oil level to be clearly seen. 
Further, since self-closing cocks lend themselves 
to misuse more readily than self-closing valves, the 
latter should be fitted at the bottom of the gauge. 
A simple push button valve fulfils the purpose and 
offers little scope for interference. 

It should be noted that plastic tubing of any 
kind is unacceptable in lieu of a gauge glass as it 
softens under the application of heat. Further, 
the requirements of paragraph E415 are now 
specifically stated to be applicable to lubricating 
oil tanks, as it is generally recognised that lubrica- 
ting oil constitutes a fire hazard almost equal to 
that of fuel oil. 

Float indicating gear: For some reason this gear 
is not as popular as it deserves to be, probably 


due to the fact that it is bulky and somewhat 
expensive. In most designs the wire, which is 
attached to the float, passes through a hole in the 
top of the tank and it is possible for leakage to 
take place at this point if the tank is over-filled. 
In one particular case such leakage resulted in the 
loss of the ship by fire. To prevent leakage the 
wire should be as neat a fit as possible in the hole, 
and the overflow pipe should be attached to the 
side of the tank, so that the underside of the top 
plate cannot be subjected to pressure. 

Contents gauges: These gauges may be 
accepted provided they are of approved type and 
are found satisfactory when tested after installa- 
tion on board the vessel. Like all instruments, 
however, they are liable to get out of order 
at times and for this reason a sounding pipe is 
usually provided as an alternative means of ascer- 
taining the level of oil in the tank. Strictly 
speaking, this sounding pipe should be fitted with a 
self-closing cock, but as it is only intended for use 
in an emergency, a screw plug may be accepted 
provided the top of the sounding pipe is about a 
foot above the highest part of the overflow pipe. 


Steaming-Out Connections 


Whilst on the subject of fittings for oil fuel 
tanks, mention must be made of the steaming-out 
connection. This looks innocent enough, but on 
many ships oil fuel has entered the steam system 
by one of these connections leading to serious 
trouble with the boilers. 

In most cases this connection consists of a per- 
manent pipe led from a convenient point on the 
tank heating steam line to a valve secured to 
the side of the tank. This valve should be of 
S.D.N.R. type, and, in addition, a spectacle flange 
should be fitted so that the connection can 
normally be blanked off. These precautions 
would be adequate if the blank was re-inserted 
after use. but experience shows that this is not 
always done, nor is the valve always of S.D.N.R. 
type, hence the trouble referred to above. 

It is considered that either of the following 
arrangements would be superior to that just 
mentioned : — 

(a) to fit a valve and spectacle flange in an 
accessible position, from which a pipe is led 
into the top of the tank, or 

(b) to provide an S.D.N.R. valve on the side of 
the tank which can be connected by a flexible 
hose to another valve at a suitable point on 
the steam line. After use the hose is removed, 
and special caps, secured by chains, are 
screwed on to the open ends of the valves. It 
is most unlikely that the hose would be left 
in position and once the connection was 
broken there would be no possibility of oil 
fuel entering the steam system. 


Temperature of Oil Fuel in Tanks 

Whilst the Society has no Rules regarding the 
upper temperature limits for oil fuel in tanks it 
is desirable that in the case of structural tanks 
the temperature should not exceed 125° F. 


Higher temperatures would be in order for 
daily service or settling tanks which are separate 
from the ship’s structure, but in such cases it is 
considered that the margin between the tempera- 
ture of the oil and its ascertained flash point 
should be not less than 35° F. 

Thermometers for recording the temperatures 
should be provided for the tanks, but thermostatic 
control is not required. 


Separate Oil Fuel Tanks 


These tanks are constructed in a great variety 
of shapes and sizes, and at the present time most 
firms have evolved a few standard designs which 
are based upon satisfactory experience over a 
number of years. 

Occasionally, however, plans of tanks are 
received which are seriously deficient in plate 
thickness and/or stiffening arrangements, indica- 
ting that the principles of tank design are not 
understood. If tanks were made to these plans 
they would suffer badly from distortion when 
tested to quite a moderate head and some col- 
leagues will probably recollect cases of this nature. 

In the normal course, plans of these tanks are 
forwarded to London for approval, but in certain 
circumstances it may be necessary for them to be 
dealt with locally, when the table shown in Fig. 18 
can be used. It will be seen that for various thick- 
nesses of plating and heads of oil a breadth of 
panel is indicated. This is the maximum distance 
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allowable between continuous lines of support, 
which may be stiffeners, washplates or the plating 
of the tank. 

It is not a simple matter to lay down hard and 
fast rules for the dimensions of the stiffeners of 
these tanks, but examination of a large number 
of plans suggests the following proportions as 
suitable : — 


Thickness of stiffener == Thickness of plating 
or } in., whichever 
is the greater. 

Depth of stiffener 

= Breadth of panel as per table 


10 


Maximum unsupported _ 


> > 
length of stiffener 2X breadth of panel 


as per table. 


If the length of the stiffener exceeds twice the 
breadth of the panel, transverse stiffeners should 
be fitted, or alternatively tie-bars should be fitted 
between stiffeners on opposite sides of the tank. 

Also indicated in the Table are suggested thick- 
nesses for small cylindrical tanks. In these cases 
it is necessary to consider the need for rigidity in 
the tank as a unit and its ability to resist mech- 
anical damage. 


Oil Fuel Overflow System 


When dealing with plans of oil fuel overflow 
arrangements the following essential requirements 
must be borne in mind: — 


(1) The overflow pipes must be of sufficient size 
to allow the oil to escape at the same rate as 
it is being pumped into the tank. To ensure 
this the Society’s Rules require the overflow 
pipes to have a cross-sectional area not less 
than 14 times that of the filling pipes. 

(2) The overflow pipes must not rise to a point 
higher than that for which the scantlings of 
the tanks are suitable. 

(3) The overflow pipes must be led to a suitable 
overflow tank. 

(4) The overflow pipes must not be fitted with 
valves or cocks which can prevent overflow 
taking place unless these are locked in open 
position. 


Air pipes may serve as Overflow pipes for oil 
fuel tanks, provided they terminate in a safe posi- 
tion in the open above the bulkhead deck. With 
this arrangement there is always a possibility of 
oil being deposited on the deck in the event of a 
tank being overfilled. The oil may even proceed 
over the side and involve the ship in a heavy fine 
if she is in dock or harbour at the time. 

Notwithstanding this objection, in the great 
majority of ships the air pipes for the oil fuel 
storage tanks are also the overflow pipes, and the 
onus of avoiding a spill rests on the engine room 
staff. Since bunkering takes place at fairly wide 
intervals and special attention is paid to the whole 
operation, mishaps are not very common. 
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If an overflow system is to be provided for the 
oil fuel storage tanks this may be included on the 
plan of air and sounding pipes or may be shown 
on a separate plan. 

The aim in such a system should be to obtain 
the simplest arrangement possible consistent with 
the adequate safeguarding of the tanks. In con- 
nection with sizes it may be stated that it has 
been the Society’s practice for many years to 
require that the size of the overflow main should 
be sufficient at any part of its length to allow any 
two tanks to overflow simultaneously. 

Fig. 19, sketch “A”, shows an overflow system 
for a large refrigerated vessel. The individual air 
and overflow pipe from each tank should, of 
course, have a cross-sectional area 1} times that 
of the filling pipe and should rise to a point close 
to the bulkhead deck before joining the appro- 
priate main. The mains should be situated well 
above the load water line and increase in size 
from each end in accordance with the principle 
enunciated in the previous paragraph, to a point 
where dropping pipes are led to the overflow tank. 

If the mains are cross-connected at the ends so 
that overflow may take place from any tank in 
either direction, then the size of the main need 
not be more than that of the largest overflow pipe 
connected to it. This is illustrated in Fig. 19, 
sketch “B”. 


Overflow systems can be simplified by having 
more overflow tanks. Such tanks can also be 
used for storage purposes and if they are close to 
the tanks they serve, the amount of piping which 
would otherwise be necessary can be reduced. 

The overflow tanks should be filled last during 
the bunkering operation, and it is desirable that 
an alarm device should be fitted in each tank at 
a level which will leave a reasonable amount of 
space for eventualities. As a final precaution 
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against structural damage to an overflow tank, a 
relief pipe can be led to deck or to a suitable 
height above the top of the tank and thence to the 
ship’s side through two non-return valves. 

The overflow mains already described are situ- 
ated well above the load water line in order to 
comply with paragraph E407 of the Rules. If, 
however, an overflow main serving tanks in two 
or more watertight compartments is situated 
below the load water line, the branches from the 
tanks should be fitted with non-return valves to 
prevent sea water from a tank which may be 
damaged passing to other tanks via the overflow 
main. In addition, the tanks should be provided 
with air pipes to prevent their being subjected to 
a vacuum when they are pumped out. 


Limitation of Filling Pressure by Relief Pipe 

An arrangement sometimes employed is shown 
in Fig. 20, and consists of a relief pipe taken off 
the filling main in the lower part of the machinery 
space. This pipe, which has a cross-sectional area 
1} times that of the filling pipe, is led to upper 
deck level and then dropped down to the overflow 
tank. A vent is led from the top of the relief pipe 
to the open air at bridge deck level, and an alarm 
is fitted in the relief pipe and in the overflow tank. 

The filling pressure cannot exceed that due to 
the head of the relief pipe and this arrangement 
is probably only suitable where the oil fuel is 
carried in double bottom tanks or shallow deep 
tanks. With deep tanks of full height the bunker- 
ing operation would be too slow owing to the 
small pressure differential. 

In view of the relief pipe, the size of the air 
pipes to the tanks is relatively unimportant, 
assuming, of course, that the tanks are intended to 
carry oil fuel only, but the air pipes should be led 
to a position somewhat higher than the top of the 
relief pipe. 
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carriage of oil fuel and water ballast are con- 
nected to an overflow main it is necessary to 
provide arrangements for preventing water ballast 
overflowing into tanks containing oil fuel, as 
required by paragraph E 409 of the Rules. 

If the tanks concerned are double bottom tanks 
the easiest method is to lead the overflow from 
each tank toa point well above the load water line 
and to dispense with a pump discharge connection 
to the ballast line, so that the tanks can only be 
“run-up” from the sea. If it is essential to have 
a discharge connection to the ballast line in order 
to pump up deep tanks, suitable change-over 
pieces or spectacle flanges should be provided so 
that the tanks can be connected either to the over- 
flow main or to ballast overflow pipes led to deck. 

It is mentioned in the previous section that the 
size of the air pipes fitted to oil fuel tanks is 
unimportant in association with a relief pipe on 
the oil fuel filling main. In the event, however, 
of any of the tanks being intended to carry water 
ballast alternatively with oil fuel, the air pipes 
should be of Rule size when a discharge connec- 
tion is fitted to the ballast line. Air pipes below 
Rule size are in order when the tanks can only 
be flooded from the sea. 


Overflow Arrangements for Daily Service and 
Settling Tanks 

On account of the frequency with which it is 

necessary to transfer oil fuel to the daily service 

or settling tanks, it is desirable that such tanks 

should have overflow pipes in addition to the air 


in the machinery space and should be of a simple 
character. 

In the smaller class of motor vessel having one 
or two daily service tanks, the overflow pipes 
from these tanks are usually led direct to one of 
the storage tanks. 

In larger ships there may be several service and 
settling tanks, and these are provided with a 
separate overflow system which is led, in many 
British-built ships, to a small overflow tank in the 
lower part of the machinery space. Alarm devices 
are fitted in the overflow pipes, and in view of 
the limited capacity of the overflow tank, usually 
about one ton, a relief pipe having a vapour seal 
is led from the top of the tank to a readily visible 
position above the oily bilge. Such an arrange- 
ment is shown in Fig. 21 and if any comment is 
called for it is thought it would be preferable 
to have an overflow tank of somewhat larger 
capacity in the double bottom having an air pipe 
led to the deck. 

Incidentally, as oil fuel is often carried in 
double bottom tanks under the machinery space 
these can be used as overflow tanks, but in such 
cases it is necessary for the ship’s staff to have a 
routine which ensures either that the tanks are not 
completely filled during bunkering or, if they are 
filled, that the first transfers after bunkering are 
made from these tanks in order to provide space 
for overflowing oil. It is not desirable that these 
tanks should be used as overflow tanks if they are 
required to carry water ballast alternatively with 
oil fuel. Nevertheless, they are sometimes so 
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used, in which case a non-return valve, which can- 
not be screwed down, should be fitted at the lower 
end of the overflow pipe to prevent water enter- 
ing the service tanks in the event of the double 
bottom tanks being pumped up. 


Overflow Pipes led into the O.F. Suction Main 


On a number of occasions proposals have been 
made to lead overflow pipes into the oil fuel 
suction main. It seems hardly necessary to point 
out that if this is done the transfer pump would 
be unable to draw from double bottom tanks. 
Even if the overflow could be directed, as has 
been suggested, to a section of the oil fuel main 
which can be isolated from the section from which 
the transfer pump is drawing, it would still be 
necessary to open a tank suction valve to allow 
overflow to take place, and such an arrangement 
is not acceptable. 


Overflow Pipes led into Drip Trays 


Prior to 1936 it was fairly common for daily 
service and settling tanks to be provided with 
overflow pipes discharging into deep oiltight trays 
on which the tanks were seated. The Committee 
then withdrew their acceptance of this arrange- 
ment except in cases where automatic devices 
gave warning when the tanks were full, or stopped 
the oil fue! transfer pump before the tanks over- 
flowed. Experience showed, however, that these 
devices were not always reliable, and after a 
number of serious fires had occurred in the 
engine rooms of ships so fitted, the Committee 
finally decided in 1949 that the overflow arrange- 
ments for the service tanks in these ships should 
be modified to comply with the Rules in force at 
that time. 


Drip Trays 


Generally, drip trays or their equivalent should 
be fitted under separate oil fuel tanks and oil fuel 
units, pumps, heaters or other fittings from which 
leakage of oil might occur. All such trays, with 
the exception of the smaller variety which can be 
readily cleaned out, should be drained to an oily 
bilge or to an oil drain tank provided for the 
purpose. 

It is sometimes proposed to lead the drain from 
a drip tray under a separate oil fuel tank into the 
overflow pipe from the tank above. This is 
regarded as bad practice since it would be possible 
for the overflow pipe to become choked or parti- 
ally choked by waste or other foreign matter from 
the drip tray. This might lead to overflowing oil 
backing up into the tray and descending on to 
heated surfaces of the machinery below. For 
this reason tray drains, if fitted, should be led 
separately to the oily bilge or to an oil drain tank 
as indicated above. 


Oily Bilge Suctions 


Oily bilge suctions may be led to the main bilge 
line or to a separate oily bilge line terminating in 
a master valve at the transfer pump or other suit- 
able pump. They should not be connected to the 


oil fuel main, since it is obvious that if foreign 
matter is lodged under a valve lid, as frequently 
happens with oily bilge valves, oil fuel will flow 
back into the bilges when the line is subjected to 
a head of oil either through the opening of a 
deep tank valve or when filling from deck. 


Prevention of the Pollution of the Sea by Oil 


The Society has no Rules in connection with 
this subject but requests are received from time 
to time for guidance regarding the British 
Government regulations concerning oil pollution. 
Accordingly, some notes on these regulations are 
contained in Appendix III. 

It may be well to mention that the Society is 
sometimes requested to approve plans of oil 
separators and survey them during construction 
and testing. In such cases a certificate would be 
issued, worded in accordance with the facts. The 
Society does not assume any responsibility for the 
efficiency of such apparatus. 


CIRCULATING WATER SYSTEMS 


Alternative Supply 


It is highly probable that it has always been the 
practice in steamers to arrange for an alternative 
supply of cooling water in the event of a break- 
down of the main circulating pump. It was not, 
however, until after the first world war that the 
provision of an alternative supply became a 
requirement of the Rules; for motorships in the 
first place, and some years later for steamers. 

In steamers of moderate power the ballast 
pump is usually arranged as the stand-by cooling 
water pump, and whilst its capacity in most cases 
is considerably below that of the circulating pump, 
it is probably sufficient for half power or at least 
the power needed to obtain reasonable steerage 
way. If there are doubts as to the speed obtain- 
able with the stand-by pump in operation, it would 
be advisable to determine this point during the 
trials. 

Modern turbine ships of high power often have 
two main circulating pumps, one of which is suffi- 
cient for normal power with average sea water 
temperature. For maximum power, or high sea 
water temperature, both pumps are used. 

In motorships there is a variety of arrange- 
ments depending to a large extent on whether the 
engines are fresh or salt water cooled. In the 
larger ships it is usual to fit three cooling water 
pumps, one for fresh water, one for salt water, 
and the remaining pump a stand-by for either 
service. In the smaller motorships a stand-by 
fresh water pump is frequently omitted, and the 
arrangements are such that the engines can be 
circulated with salt water in the event of a 
breakdown of the fresh water pump. From the 
foregoing it will be observed that in all cases an 
alternative supply of salt cooling water should be 
available. 

Where diesel engines have attached pumps, the 
bilge pump is generally arranged as the stand-by 
salt water circulating pump. Alternatively, this 
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duty can be undertaken by a suitable general 
service pump and in both cases the connections 
are likely to be fairly obvious. Emergency con- 
nections from the salt to the fresh water cooling 
system are, however, often made in the most 
unexpected positions, and even on a diagram it is 
sometimes difficult to trace the path of the emer- 
gency supply. Accordingly, it is of importance 
that the steps necessary to bring in the emergency 
supply should be clear to the ship’s staff. This 
is stressed since a case was reported where 
ignorance on this point resulted in the ship being 
immobilised. 


Sea Inlet Valves 


The salt water circulating pumps are generally 
connected to a common suction line led to low 
sea inlet valves on opposite sides of the engine 
room. If the vessel is engaged in a trade which 
necessitates the navigation of shallow, muddy 
rivers it is usual for one or two high inlet valves 
to be fitted in addition to the low inlets. Alter- 
natively, a compromise is sometimes effected by 
raising the low inlets to a point in between the 
normal low and high positions. This is in order 
provided they are situated where they will be sub- 
merged under all conditions of loading. 

It should be noted that not less than two low 
sea inlets are required for cooling water purposes, 
and they must be independent. An arrangement 
in which the main and stand-by cooling water 
pumps can only draw from two inlet valves which 
are attached to one sea chest or reservoir is not 
acceptable. 
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Warm Cooling Water Returns to Sea Inlets 

If a ship has an ice class notation it is necessary 
for connections to be led from the cooling water 
overboard discharge lines to the main and auxili- 
ary cooling water sea inlets. In addition, where 
no steam is available for clearing purposes, the 
fire pumps are required to have suctions from the 
main cooling water inlet pipe. 

A suggested cooling water arrangement for a 
motorship, indicating these connections, is shown 
in Fig. 22. It will be observed that all sea water 
supply is drawn from a single sea suction line 
having inlets on both sides of the ship. This pipe 
should be of generous size and the continuous 
demand for water will assist in keeping the inlets 
free. The isolating valves on the inboard side of 
the strainers will enable warm water to be dis- 
charged through either of the sea inlets if it is 
necessary to clear ice, whilst the other sea inlet 
maintains the supply. 


Clearing Connections for Sea Inlets 

When steam or compressed air connections are 
provided on sea inlet valves or stools for clearing 
purposes, it is desirable that the pressure in these 
lines should not be too high. On occasions it has 
been proposed to supply air at 350 Ib. per sq. 
in. A pressure of 100 Ib. per sq. in. is, however, 
more usual and should be sufficient for the 
purpose. With this pressure there will be no need 
for extra heavy ship’s side fittings. 

Sometimes, the clearing of sea inlets is effected 
by discharging water through them at a fairly 
high pressure. If permanent pipes are provided, 
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no special precautions are necessary, but if hoses 
are used the pressure water inlet valves on the 
sea connections should be of screw-down non- 
return type and fitted with a cap suitable for the 
type of hose connection employed. 


Rubber Expansion Pieces 

It is becoming the practice in larger vessels to 
fit fabric reinforced rubber expansion pieces at 
suitable points in the cooling water inlet and dis- 
charge lines. These fittings have reached a high 
degree of reliability, and have proved their worth 
in minimising the effects of vibration and the 
stresses caused by changes of temperature in the 
relatively large and heavy pipes in the cooling 
water system. 


LUBRICATING OIL SYSTEMS 


Stand-By Pump 


As in the case of cooling water systems the 
question of a stand-by pump is an important 
consideration. 

In steamers and in large motorships it is 
customary for independent lubricating oil pumps 
to be fitted, and the provision of a stand-by pump 
can be taken almost for granted ; it is among the 
smaller motorships such as coasters, tugs, etc., 
with engines having attached pumps that difficul- 
ties arise. 

The Rules require a stand-by pump to be 
provided unless : — 

(1) The ship has a restricted class. 

(2) The total power is less than 400 I.H.P. in the 
case of reciprocating steam engines or 350 
S.H.P. in the case of turbines and diesel 
engines. 


It may be thought that the above ruling is 
lenient towards those vessels which have a res- 
triction of class, but are, nevertheless, able to sail 
between fairly wide limits. Experience, however, 
appears to show that this is a reasonable conces- 
sion in the case of such ships. 

A common arrangement on diesel engines of 
moderate power is to have two engine-driven 
pumps which normally work in series, i.e. a lift, 
or scavenge, pump which draws used oil from the 
engine sump and discharges to a separate lubrica- 
ting oil service tank, whilst the second, or pressure 
pump, draws from this tank and discharges to 
the engine supply rail. The connections are so 
arranged that in the event of the failure of either 
pump the other pump can draw from the sump 
and discharge direct to the engine system. In a 
few cases the pumps normally work in parallel, 
but can work singly if necessary. 

The pumps are generally driven by a single 
eccentric or single toothed wheel on the crank- 
shaft, and, accordingly, they are not entirely 
independent. Such arrangements, however, have 
been accepted for many years and appear to be 
justified by experience. 

There is another aspect of the stand-by pump 
question which may now be discussed and it con- 
cerns a multi-engine installation arranged either 


for supplying electrical power to a_ propelling 
motor, or for driving propeller shafting via fluid, 
or magnetic, couplings and gearing. It is usual 
for these engines, which are often of the uni- 
directional type, to be fitted with a single attached 
pump. The makers, however, have been averse 
to the fitting of connections to enable a stand-by 
pump to supply any one of the engines, contending 
that in the event of valves or cocks being faulty, 
or left in open position, it would be possible for 
the whole of the lubricating oil supply for one 
engine to be transferred to another via the 
common stand-by supply lines. The force of this 
objection has been appreciated, and in several 
installations employing three or four engines, a 
stand-by pump has not been required on the basis 
that if one unit was out of action through a pump 
failure there would still be a reasonable propor- 
tion of the normal power available. 

This concession has not been extended to instal- 
lations comprising only two propelling engines, 
whether they are coupled to one shaft or drive 
twin screws. To the Author this seems rather 
illogical, for half-power would be available with 
one engine out of action, and this is probably 
more than could be obtained on many steamers 
with the ballast pump on cooling water duty. 

A possible compromise would be to accept the 
arrangement subject to a spare engine pump, 
which could be fitted in a short space of time, 
being carried on board. 

The requirements regarding a stand-by pump 
are also applicable to engines which are fitted with 
reverse reduction gears and oil-operated couplings. 
Some manufacturers provide an _ independent 
stand-by pump which can serve either the engine 
or the reduction gear as may be required. 

In other cases the gear is supplied with two 
pumps either of which is sufficient for the normal 
duty. Such an arrangement is shown in Fig. 23, 
from which it will be observed that by operating 
a single cock either pump can discharge to the 
lubricating system whilst the other pump dis- 
charges back to the gear-box sump. 
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In the larger vessels having independent pumps 
there should be one stand-by pump irrespective of 
the number of working pumps. If one of the 
working pumps supplies the lubrication service 
and the other working pump deals with the piston 
cooling oil, one stand-by pump which can be 
connected to either service is acceptable. This is 
illustrated in Fig. 24. 


Crankcase Breather Pipes 


It is sometimes proposed to fit a breather pipe 
to the engine crankcase. If, however, an explosion 
took place in the crankcase there could be a rapid 
re-entry of fresh air via this pipe, possibly pro- 
ducing a severe secondary explosion. 

For this reason it is preferable that such pipes 
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Emergency Lubrication Oil Supply in Turbine 
Ships 

Turbine ships are required by the Rules to have 
an emergency supply of lubricating oil for use in 
the event of a stoppage of the working pump(s). 
This is generally effected by arranging an auto- 
matic gravity supply which comes into operation 
when the pressure in the lubricating oil system 
falls below that due to the head of the gravity 
tank. If it is not desired to fit a gravity tank an 
acceptable alternative would be the provision of a 
stand-by pump deriving its power from a different 
source from that of the working pump, and 
arranged to come into operation automatically 
when the pressure in the lubricating oil system 
falls below a pre-determined point. The alarm 
device mentioned in paragraph E 902 should, of 
course, be fitted. 


Overflow and Sounding Arrangements for L. O. 
Tanks 


Two or three lubricating oil service and storage 
tanks of considerable capacity may be located in 
the upper part of the machinery space, and in 
some respects these tanks are as potentially 
dangerous as the oil fuel service tanks. It is neces- 
sary, therefore, that care should be taken with the 
overfiow arrangements. 

It is not usual for, nor do the Rules require, an 
overflow system to be provided for these tanks, 
but it is desirable that overflow pipes of adequate 
size should be led down to the tank flat, which 
should be able to drain rapidly and safely to the 
bilges or to a suitable tank. 

Sounding arrangements for lubricating oil tanks 
should be on similar lines to those for oil fuel 
service tanks, already discussed. 


should be omitted, but if their retention is speci- 
ally desired it is considered they should: — 


(a) Have a cross-sectional area which is small in 
relation to the area of the explosion relief 
valves. Preferably the pipe should not exceed 
2 in. bore, or 

(b) have a suitable non-return device fitted in the 
line to prevent ingress of air to the crankcase. 


COMPRESSED AIR SYSTEMS 


Number and Capacity of Air Compressors 


The Rules require two air compressors to be 
provided for starting and manceuvring purposes, 
having a total capacity sufficient for the require- 
ments of the engines. This capacity should permit 
the charging of the air receivers in a reasonable 
time and is usually determined by experience. 

If it is asked what is a reasonable time, it is 
suggested that each compressor should be capable 
of pumping up the air receivers from zero to full 
pressure in about one hour, or in half an hour if 
both compressors are working together. 

It is desirable that the air compressors should 
be independently driven, but this is not insisted 
upon and one of the compressors may be driven 
by the main engine. 


Starting from Cold Ship 


It is necessary for the arrangements to be such 
that the initial charge of starting air or the initial 
electric power can be developed on board without 
external aid. 

There are a variety of ways in which the prime 
movers for the air compressors can be started 
from cold ship, but whatever form they take it is 
desirable that the power should be developed from 
a hand operation. 


There are some devices on the market consisting 
of a small chamber in which a cartridge can be 
detonated, or a piece of film strip burnt, so as to 
produce gas at sufficient pressure to start an 
engine. These devices, however, are not regarded 
as acceptable alternatives to a _hand-starting 
arrangement since it is possible that when needed 
the cartridges or film strip may have deteriorated, 
or the supply may be exhausted. 


Number of Air Receivers 


No mention is made in the Rules of the number 
of air receivers which should be provided. In 
practice it is usual to fit not less than two 
receivers, but there are cases in which only one 
receiver is provided. 


Safety Devices 

In view of the importance of these devices, and 
to prevent any misunderstanding, it is considered 
that every plan of compressed air arrangements 
should make it clear that each compressor will be 
fitted with a relief valve, and each air receiver with 
a relief valve or fusible plug. 


SHIPS OF SPECIAL TYPE 


It is proposed, in the following notes, to deal 
with matters relating to pumping and piping 
arrangements on ships designed for a special trade 
or service. 


OIL TANKERS 


Cargo Tank Pumping Arrangements 


Plans of the cargo pumping arrangements do 
not, on the whole, call for much comment. In 
details there is a fair amount of uniformity, but in 
the lay-out of the cargo oil lines in the tanks there 
is considerable variation, depending upon the 
owners’ practice and the particular trade for which 
the vessel is required, i.e., whether she is to carry 
homogeneous or composite cargoes. 

There appears to be an increasing tendency to 
use steel pipe for the cargo lines in place of cast 
iron, probably on account of the saving in weight. 
In most cases the pipes are tested by hydraulic 
pressure in the shop to 300 Ib. per sq. in. and to 
150 lb. per sq. in. after installation on board. 

In the large vessels which form the greater part 
of present-day tanker construction, it is usual to 
provide only one cargo pump room. situated 
between the aftermost cargo tanks and the mach- 
inery space, and in order to speed up the rate of 
discharge high capacity centrifugal pumps are 
fitted in place of reciprocating pumps. These 
pumps are driven by turbines or electric motors 
situated in the machinery space, the driving shafts 
passing through the bulkhead separating the com- 
partments. 

It is sometimes specified that cargo pumps are 
to be constructed under survey and some notes on 
this subject are included in Appendix I. 

The scantlings of many of these large tankers 
are approved on the basis that certain tanks will 


be empty in the loaded condition. These tanks 
may be either dry tanks, or water ballast tanks 
maintained empty in the loaded condition and 
filled in the ballast condition. 

Dry tanks are usually drained by a water ejector, 
but additional pumping capacity is desirable in 
the event of shell damage or serious leakage from 
an adjacent compartment. To provide this 
capacity, a suction may be led to the cargo strip- 
ping line, and to prevent any possibility of oil 
being inadvertently admitted to the tank, a non- 
return valve, without spindle, should be fitted in 
the suction line in addition to the deck-controlled 
sluice valve. 

Water ballast tanks should be connected to a 
separate pumping system led to a ballast pump in 
the cargo pump room. A common arrangement 
in these ships is to have four identical pumps, 
three of which are permanently connected to the 
cargo oil system and one to the ballast system. 
There are, nevertheless, cross-connections between 
the two systems, although they are normally 
blanked off, so that in emergency the ballast pump 
can serve as a cargo pump or one of the cargo 
pumps as the ballast pump. It may be well to 
mention that since the ballast line previously 
referred to necessarily passes through some of the 
cargo oil tanks, it is sometimes thought this is an 
infringement of paragraph E1216 of the Rules, 
but this is not so, as the paragraph in question 
refers to ballast pipes and ballast tanks which are 
situated outside the range of the cargo oil tanks. 


Expansion Joints in Cargo Oil Lines 

Provision for expansion in cargo oil lines due 
to changes of temperature, movement of ship, etc., 
may be made in a variety of ways. If flanged 
joints are used for the pipes, the old-fashioned 
expansion joint with stuffing box and gland is still 
employed. It is now fairly general, however, to 
use joints or couplings of the types shown in 
Figs. 25 and 26 which are able to accommodate 
the effects of expansion and mis-alignment. It 
should be noted that in the latter sketch the pipes 
have no groove or shoulder to prevent them pull- 
ing out of the joint when the line is subjected to 
pressure. Accordingly, if this type of joint is 
employed it will be necessary to provide substan- 
tial anchoring arrangements for the pipes. 

Bellows type expansion pieces made of thin 
stainless steel are now sometimes used and a 
sketch of one of these fittings is shown in Fig. 27. 


Gastight Glands on Cargo Pump Shafts 


When the prime movers for the cargo pumps 
are situated in the machinery space, the Rules 
require the shaft which passes through the pump 
room bulkhead to be fitted with a gastight gland 
having efficient means of lubrication. It is not 
necessary for plans of these glands to be officially 
approved but, nevertheless, a large number of 
designs have been forwarded for consideration. 
Some are quite simple, consisting of a few turns 
of packing on each side of a lantern ring, and 
others are very elaborate. 
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Unfortunately, little is subsequently heard of 
these glands, and whilst this may indicate that, in 
general, they are satisfactory, it would be interest- 
ing to hear something about their performance in 
service. It is realised that apart from the trials, 
colleagues will not have much opportunity for 
observing the pumps at work. 


Flooding of Cargo Pump Rooms 


Some owners require that means should be 
available for flooding the cargo pump room(s) in 
the event of fire. As the flooding must be rapidly 
carried out if it is to be effective, a sea flooding 
valve is provided in each pump room. This is 
acceptable subject to: — 

(a) The valve being fitted with an extended 
spindle led to deck. 

(b) An indicator being provided at deck level to 
show whether the valve is open or shut. 
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(c) Arrangements being made for locking the 
valve in shut position, the key to be kept in 
the custody of the Master. 

In the event of the pump room being flooded, 
the water could be pumped out by a portable 
compressed air driven pump. 

In cases where the pump room is situated at the 
after end of the cargo tanks, certain owners have 
specially requested that a suction in the pump 
room should be led to a suitable pump in the 
machinery space. This has been agreed to, 
provided : — 

(1) The open end of the suction pipe is at least 
2 ft. above the bottom of the pump room. 

(2) The suction pipe is led direct to the suction 
chest of the pump. 

(3) A valve and spectacle flange are fitted on the 
engine room side of the bulkhead. 


(4) A notice board is fitted on the bulkhead 
indicating that the valve is to be opened and 
the spectacle blank removed only when it is 
necessary to pump out the pump room after 
flooding. 


Temperature of Steam in Cargo Pump Rooms 

If steam turbines are fitted inside cargo pump 
rooms and superheated steam is used, it is con- 
sidered that the temperature of the steam should 
not exceed 550° F. The steam pipes and turbine 
casings should be adequately insulated. 


Vapour Lines for Cargo Tanks 


Prior to the late war, many tankers went into 
service without a vapour system for the cargo 
tanks. This was quite in order so far as the Rules 
were concerned, which merely required a gas cock 
to be fitted at the hatch coaming. 

During and after the war, however, the fitting 
of a vapour system became the general practice, 
and eventually this was made a requirement of the 
Rules. It is probable that there are some old 
tankers still without a vapour system and, as men- 
tioned in Circular No. 2032, it is desirable that 
they should be brought up to date in this respect. 

There is a great diversity of opinion as to how a 
vapour system should be arranged, but so far as 
the Rules are concerned, the chief item is the pro- 
vision of a shut-off valve or cock or pressure- 
vacuum valve on the branch line from each tank. 
On the assumption that three tanks athwartship 
would always be used for the carriage of similar 
cargo, it has been the practice to regard these as 
one tank, hence, if they are connected together 
before joining the vapour main, one shut-off 
device will serve for all three. The shut-off device 
may be fitted at the cargo tank hatch coaming or 
at the junction between the branch pipe and the 
vapour main. 

It is necessary for means to be provided for 
isolating the cargo tanks from the vapour main in 
order to prevent the mixing of the various grades 
of oil when composite cargoes are carried. It is 
granted that if only one grade of oil is to be 
carried there is little point in having means for 
keeping the tanks separate, and one pressure- 
vacuum valve between the main and the riser to 
reduce losses by evaporation is all that would be 
required. The Rules, however, envisage any 
tanker being prepared to carry composite cargoes. 

Fig. 28 shows arrangements which are in general 
use. In the upper diagram a shut-off valve is 
fitted between each tank or group of three tanks, 
and the vapour main, and one pressure-vacuum 
valve serves for the whole system. In the lower 
diagram a pressure-vacuum valve is provided for 
each tank or group of three tanks. 

It used to be customary to fit a flame arrester 
at the open end of the riser, but experience has 
shown that under the combined action of the 
gases and the weather, the life of the flame 
arrester has been of comparatively short duration. 
It is understood that an investigation by one 
Company into the condition of flame arresters on 
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a large number of ships revealed that in many 
cases the flame arresting element had entirely 
disappeared. It seems, therefore, that it is of 
importance that the flame arrester should be fitted 
in a readily accessible position and further, that 
it should be so designed that it can be easily 
cleaned. These considerations have led to the 
modified arrangements in way of the riser pipe 
shown to the right of the diagrams in Fig. 28, 
being widely adopted. During loading operations 
the by-pass valve is opened allowing the gas to 
pass freely to the atmosphere, but on completion 
of loading, the valve is shut and thereafter all 
movement of gas or air must pass through the 
flame arrester. 

Pressure-vacuum valves may be of the spring- 
loaded or deadweight type and the settings are 
usually as follows: — 


Pressure relief valve between 2 and 3b. per 
sq. in. 

Vacuum relief valve between + and 14 1b. per 
sq. in. 

In most designs easing gear is provided to 
relieve all pressure or vacuum from the tanks 
when desired. 


All arrangements shown in Fig. 28 would 
comply with Panama Canal requirements for 
Grade “A” cargoes if the shut-off valves were 
provided with means for locking in the open posi- 
tion, and the pressure-vacuum valves were fitted 
with easing gear. 
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A recent development on some of the largest 
tankers has been the omission of a vapour main 
entirely. Each cargo tank hatch is fitted with a 
short strong pipe terminating 3 ft. or more above 
the deck, and surmounted by a pressure-vacuum 
valve as shown in Fig. 29. This arrangement, 
which complies with Panama Canal requirements 
for Grade “B” cargoes, has been accepted at the 
special request of owners, but it is considered pre- 
ferable that a normal vapour system should be 
fitted. 
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As mention has been made of Panama Canal 
requirements, some extracts from these Rules are 
furnished in Appendix IV, These comprise defini- 
tions of the various grades of inflammable and 
combustible liquids etc., and the requirements 
relating to the venting of cargo tanks. 

It is thought well to add that, so far as the 
Society is concerned, no distinction is made 
between the various grades of petroleum having 
a flash point below 150° F. 

The Society does not insist on the provision of 
a vapour line for very small tankers, since these 
vessels are often required to navigate rivers and 
must be designed to pass under low-lying bridges. 
In such cases a pressure-vacuum valve should be 
fitted in a suitable position on each cargo tank. 

It is often thought that the size of the vapour 
pipes should comply with the requirements of 
paragraph E406, but this is not correct, since 
these pipes must not be regarded as overflow 
pipes. They are required for the purpose of 
carrying away the gases expelled from the cargo 
tanks and in actual practice have a cross-sectional 


area considerably less than that of the tank filling 
pipes. 

The responsibility for safeguarding the cargo 
tanks against overfilling is entirely in the hands 
of the ship’s personnel, but such is the efficiency 
with which loading operations are carried out that 
accidents are comparatively rare. 


Heating Coils in Cargo Tanks 


During the last ten years there has been a great 
increase in the carriage of crude petroleum from 
the oil fields to the refineries elsewhere. This 
cargo needs heating, but has an adverse effect on 
steel heating coils which, in some cases, have had 
a life of only twelve months. 

This made it imperative to find an alternative 
material and experiments were made in the first 
place with cast iron pipes. These were so suc- 
cessful that cast iron pipes of both plain and 
ribbed design have been adopted for heating coils 
on a large scale. 

If cast iron pipes are proposed for heating coils, 
it is considered the following conditions should be 
observed : — 


(1) The cast iron be of good quality, not inferior 
to that of Grade 12 of B.S.S. 1452-1956 (that 
is a minimum tensile strength of 12 tons per 
sq. in. on a test piece 1°2 in. diameter). 

(2) The bore of the pipes be not greater than 
34 in. and the thickness not less than } in. 

(3) The maximum working pressure be 150 lb. 
per sq. in. and precautions be taken to pre- 
vent this pressure being exceeded. 

(4) The pipes be efficiently supported and 
arranged so that complete freedom is obtained 
longitudinally. 

(5) The pipes be tested by hydraulic pressure in 
the shop, and subsequently on board the ship 
after jointing, to not less than twice the work- 
ing pressure. 


With regard to the quality of the material, the 
Makers’ certificate of test could normally be 
accepted, but check tests should be taken occa- 
sionally to ensure that the necessary quality is 
maintained. 

Further, the hydraulic test in the shop could be 
waived if adequate inspection of the pipes can be 
carried out when the system is under test on the 
ship. 

When cast iron pipes were first introduced the 
downcomers and risers were made of steel pipe, 
but, as might be expected, they had a short life. 
This led to experiments being made with alum- 
inium brass and copper nickel iron pipes and these 
materials gave such good results that they were 
soon tried for the heating coils proper. Aluminium 
brass proved to be suitable and is now extensively 
employed for heating coils. The working pressure 
is usually 150 Ib. per sq. in., and sizes and thick- 
nesses of the pipes are as follows : — 


Normal bore 1 in. 1tin. 14 in. 2 in. 
Thickness -064in. -064in. -O8in. -08 in. 


Another development, which can only be 
referred to briefly, concerns the use of aluminium 
alloy pipes for heating coils. Here again, experi- 
ments were carried out over an extended period 
with good results, and many tankers are now 
equipped with heating coils of this material. 

It is necessary, of course, to insulate the whole 
of the system from the steel structure of the ship 
in order to avoid electrolytic corrosion, and 
specially designed glass fibre pipe clips have been 
used for this purpose. The clips incorporate a 
controlled leak-off resistance in the form of a 
semi-conducting plug on which the piping rests, 
and this eliminates the slight possibility of static 
electricity building up on the heating coils and 
causing a spark. The resistance to earth of the 
system remains high enough to ensure that there 
is no possibility of electrolytic action on the coils, 
but is sufficiently low to allow any static elec- 
tricity to leak away before a substantial voltage 
could be built up. 

The working pressure, again, is 150 Ib. per sq. 
in. and the tubing is 2 in. nominal bore, 0-176 in. 
thick. 

Heating coils of aluminium brass and alumi- 
nium alloy are attractive on account of the ease 
with which they can be installed and their light 
weight. Estimates vary as to the comparative 
weights of the different materials, but the follow- 
ing table is a rough guide: — 


Cast Iron 15 lbs. per sq. ft. heating surface 
Mild Steel TEM at eee + a 
Aluminium Brass 4°5 ,,) 4, 4,55 “5 * 
Aluminium Alloy 3:5 ,, ,, 5 5 oo " 


There is a possibility that steel heating coils may 
stage a come-back, since it is now maintained that 
if the cargo tanks are provided with cathodic pro- 
tection the life of the coils will be prolonged. 
Only time will show whether this claim is correct. 


Cargo Oil Tanks Used as Reserve Bunkers 


In a number of tankers, approval has been given 
to the use of one or two cargo tanks as reserve 
oil fuel bunkers, provided the pumping arrange- 
ments are such that it is impossible for the 
suctions in these tanks to be in communication 
with the bunker fuel system and the cargo oil 
system at the same time. 

This involves the use of “fool-proof” change- 
over devices for the pipe connections, and since 
these are generally fitted in the pump room, it is 
a fairly straightforward matter to change the 
tanks from cargo to bunker purposes, and vice 
versa. 

The tanks most frequently used in this way are 
the aftermost wing cargo tanks, and Fig. 30 shows 
an acceptable arrangement in which the main 
cargo and stripping suctions must be disconnected 
from the cargo and stripping lines before the strip- 
ping suctions can be connected to the oil fuel 
transfer line. If only one suction is provided in 
the tank a single change-over device is all that is 
required. 


It is sometimes desired to use one of the cargo 
tanks as a reserve bunker in a ship in which there 
is nO pump room between the cargo tanks and the 
machinery space. In such cases the after centre 
cargo tank could be used for this purpose, and 
the change piece situated in the after deep coffer- 
dam as shown in Fig. 31. 

In any arrangement of pumping connections for 
dual purpose tanks, the change pieces should be 
in an accessible position, such as a pump room or 
cofferdam and not in a tank. Further, cargo oil 
pipes should not pass through tanks which can be 
used as reserve bunkers nor should oil fuel suction 
pipes pass through any cargo tank. 

Dual purpose tanks may have direct filling con- 
nections from the oil fuel bunkering line on deck ; 
alternatively, filling may take place through the 
tank suctions after these have been placed in 
communication with the oil fuel line via the 
change pieces in the pump room. Filling with 
cargo oil should take place only through the 
suctions when these have been placed in com- 
munication with the cargo oil line. 

The branch vapour lines from these tanks 
should be connected through shut-off or pressure- 
vacuum valves to the cargo tank vapour main or 
to a separate riser. In some cases they have been 
provided with switch cocks so that the tanks can 
be vented at deck level when oil fuel is carried, or 
into the vapour main when low flash oil is carried. 
The drawback with this arrangement lies in the 
fact that the cocks may not always be in the 
correct position, and gas could be inadvertently 
discharged at deck level. 


Gas-Freeing of Cargo Tanks 


A number of devices are now in use to speed 
up the gas-freeing of cargo tanks. One method 
employs a steam or compressed air jet which, in 
association with a specially designed nozzle, draws 
air from the open deck and discharges it into the 
tank. Another uses steam, compressed air or 
high pressure water to drive a small turbine 
coupled to a fan arranged to discharge air into 
the tank. In both systems, the appliance is secured 
to the Butterworth opening in the deck. 

These devices appear to offer distinct advan- 
tages over the old-fashioned gas ejectors assisted 
by windsails. 


Cargo Tank Openings in Enclosed Spaces 

Paragraph E1209 of the Rules requires that 
ullage plugs or sighting ports should not be fitted 
in enclosed spaces such as the centre castle, but 
this ruling does not apply to Butterworth open- 
ings or sounding pipes. 

It is preferable that Butterworth openings 
should be fitted on the open deck, but this is not 
always practicable, and if they must be fitted, say, 
in the centre castle, the closing plates should 
always be in position except when the tanks are 
being cleaned or the openings are being used for 
gas-freeing appliances as indicated above. 

If sounding pipes are fitted in an enclosed space 
they should be led to within a few inches of the 
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bottom of the tank, and be secured to the under- 
side of the deck with a gastight joint. If the cap 
should be removed when the tank is being filled, 
only the vapour which is in the pipe will be 
emitted. 


Closed Sounding Devices 

If ullages are taken through ullage holes when 
the cargo tanks are being filled, it is inevitable 
that a certain amount of gas will escape at deck 
level. 


SKETCH A. 


BUTTERWORTH DISCHARGE _LIN! 


In order, therefore, to prevent such escape of 
gas and to reduce risks to a minimum, c!osed 
sounding devices are now used on some tankers. 
The device consists of a gastight gauge head 
mounted on a trunk above the deck and provided 
internally with a tape attached to a float and 
counter-weight. The ullage markings on the tape 
are observed through a heavy glass window fitted 
with a wiper. 

Naturally, this type of equipment is expensive, 
but the additional cost is probably small in rela- 
tion to the total cost of some of the enormous 
vessels now going into service. This gauge also 
has the advantage that it can be used in enclosed 
spaces. 


Oily Water Separators 

If cargo tank washings are discharged to an 
oily water separator, it should be fitted within the 
range of the cargo tanks. Further, oily water 
from bilge or ballast pumps situated at either end 
of the ship should not be discharged to this 
separator, as there should be no connection, either 
directly or indirectly, between such pumps and the 
cargo pumping system. 


Arrangements for Washing Out Cargo Tanks with 
Detergent Solution 


Occasionally, the Owners require a tanker to 
be fitted with arrangements whereby the cargo 
tanks can be washed out with detergent solution, 
after the oil cargo has been discharged. 

If a deep cofferdam is fitted between the cargo 
tanks and the machinery space, the detergent solu- 
tion may be mixed in this compartment, and the 
connections to the Butterworth pump may be 
arranged as shown in Fig. 32, sketch “A”. 

Should there be a pump room aft of the cargo 
tanks, the solution may be mixed in one of the 
after wing cargo tanks and the connections 
arranged as shown in Fig. 32, sketch “B”. 
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Pumping Arrangements in Forward Pump Room 


The arrangements in the forward pump room 
conform, in most tankers, to a fairly standard 
pattern, but occasionally plans are received which 
are in need of improvement. It is thought well, 
therefore, to include a simple diagram for the for- 
ward pumping arrangements and this is shown in 
Fig. 33. 
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It is now common practice to fit a diesel engine 
driven emergency fire pump in the forward pump 
room and this is in order, provided the compart- 
ment is completely separated from the cargo tanks 
by a cofferdam. 

It is considered advisable that the emergency 
fire pump should have a separate sea suction valve 
as indicated on the diagram. Further, the exhaust 
gases from the diesel engine should be discharged 


through an efficient spark arrester to a safe posi- 
tion well clear of the cargo tanks, and the pump 
room should be well ventilated. 


There is always the possibility that the forward 
hold may be used for the carriage of petroleum 
products, and accordingly the plating of the 
trunkway giving access to the pump room should 
be gastight in way of the hold. 


ORE CARRIERS 


In ships of this type it is essential that the holds 
should be clear of pipes or fittings which could 
be damaged by grabs. 


Accordingly, it is usual to lead the hold bilge 
suction pipes through the double bottom or wing 
deep ballast tanks to the bilge valves in the machi- 
nery space or pump room. 

The pipes should be of heavier gauge than that 
normally used, and if they pass through deep 
tanks, non-return valves of approved type should 
be fitted on the open ends of the bilge suctions in 
the holds. 

It is sometimes proposed that a ring bilge main 
should be fitted in the wing ballast tanks and that 
the hold bilge suctions should be connected to 
this main. Such an arrangement, however, is not 
acceptable, as bilge valves are required to be in 
positions where they are at all times readily 
accessible. 

Sounding pipes for the hold bilge wells should 
preferably be fitted in the holds and be protected 
by heavy guard plates. If this is not practicable, 
the sounding pipes could be led through the wing 
ballast tanks and connected to the bilge wells by 
elbow pipes. The sounding and elbow pipes 
should be of extra heavy thickness and galvanised 
inside and out. A suitable arrangement of elbow 
sounding pipe is shown in Fig. 34. 
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Where the bottom of the hold is considerably 
reduced in width compared with the beam of the 
ship, it would be in order to provide a single bilge 
well at the after end of the hold, fitted with one 
bilge suction. The well should be in length about 


half the width of the hold at the bottom, and have 
a grating at each end. If the hold is long it would 
be an advantage if a similar well and bilge suction 
were also provided at the forward end. 

In most of these ships the water ballast suctions 
are led to a ring ballast main running through 
the wing ballast tanks, all valves being operated 
by means of extended spindles led to deck. An 
alternative arrangement is to lead the ballast main 
through two fore-and-after tunnels in the double 
bottom, and to fit all tank valves for wing and 
double bottom tanks in the tunnels. Access is, 
of course, provided from the machinery space for 
the operation of the valves. Incidentally, there 
would be no objection to a bilge line being fitted 
in one of the tunnels with branches to the hold 
bilges. 

A problem may arise in connection with the air 
and overflow pipes from the wing ballast tanks. 
These tanks have to be filled and emptied rapidly, 
and for this purpose they have large diameter 
suction and filling connections. It is considered 
very desirable that air pipes of Rule area should 
be fitted, but in some cases air pipes of reduced 
size have been accepted subject to one or other of 
the conditions indicated below, being complied 
with : — 


1. The wing tanks being fitted with hatches 
having hinged covers as in tanker practice, and 
a notice board being placed in the vicinity of 
the ballast pumps stating that all deep water 
ballast tank hatches are to be opened before 
discharging to the tanks. 


2. A relief pipe of adequate size being fitted in 
a convenient position at the forward end of 
the ballast main. This pipe to be led to a suit- 
able height above the upper deck, and thence 
overboard through a non-return valve at the 
ship’s side, inside one of the tanks. 


It has been proposed to fit air pipes of reduced 
area in conjunction with a spring loaded relief 
valve to limit the ballast pump discharge pressure 
to a safe figure. Such an arrangement, however, 
is not considered acceptable as the safety of the 
tanks would depend upon the setting of the relief 
valve which could either be overloaded or even 
rendered inoperative. 


COMBINED PETROLEUM/ORE CARRIERS 


In most of these ships petroleum is carried in 
wing deep tanks which are combined with the 
double bottom tanks either side of the centre line. 


This introduces a difficulty with the bilge 
suction pipes which cannot pass through the holds 
where they could be damaged by grabs, nor can 
they be permitted to pass through the tanks, since 
low flash oil might gain access to a hold through 
a fractured or badly corroded pipe. The non- 
return valves fitted on the open ends of the bilge 
pipes would probably prevent a heavy discharge 


into the holds, but could not be regarded as being 
spirit-tight. 


Solutions to the problem have been found in 
the schemes shown in Fig. 35. In sketch “A” the 
bilge suctions from the bilge wells adjacent to the 
midships pump room are led to pumps in this 
compartment which also serve as cargo or strip- 
ping pumps when petroleum is carried. The bilge 
suctions at the forward end of No. | hold and the 
after end of No. 2 hold are connected to bilge 
ejectors fitted in the deep cofferdams. In sketch 
“B”’ a pump room is fitted at each end of the 
cargo tanks, and the bilge suctions from the hold 
bilge wells adjacent to these pump rooms are led 
to the cargo or stripping pumps. The difficulty 
in providing means of drainage at the aft end of 
No. | hold and the forward end of No. 2 hold 
will be obvious, and the solution lies in providing 
two large passage ways through the midship deep 
tank, so that for drainage purposes the holds 
become one long compartment with bilge suctions 
at each end. 


The question may now be raised as to 
whether it is in order, in the case of a combined 
petroleum/ore carrier, to lead the hold bilge 
suctions to pumps serving other compartments 
outside the range of the cargo oil tanks. In other 
words, is the hold space comparable to a deep 
cofferdam in an ordinary tanker from which a 
suction is allowed to be led to a suitable pump 
in the machinery space or the forward pump 
room? 


It can be seen from a glance at sketch “A” that 
there would be advantages in leading the forward 
and after bilge suctions to the pumps just men- 
tioned, instead of the bilge ejectors in the coffer- 
dams. When such an arrangement was_ first 
proposed it was felt that the hold space should 
not be treated on the same basis as a deep coffer- 
dam in view of the greater surface area of the 
hold over which leakage could occur, and also 
the fact that these surfaces might be damaged 
when the ore cargo was being loaded or dis- 
charged. This point of view was not shared by 
other parties interested in these ships, and after 
further experience it has been decided to regard 
the hold as a similar space to the deep cofferdams. 


It might be reasoned that paragraph E 1214 
permits a suction to the engine room, only on the 
condition that the cofferdam is arranged to carry 
water ballast, and since the hold is dry they are 
not comparable spaces on this account. In point 
of fact the holds are sometimes arranged to carry 
water ballast, but even if they were not, they 
would be comparable with cofferdams which, 
though fitted with the necessary connections, were 
never filled with water ballast and for all practical 
purposes were dry compartments. 


A suggested arrangement for the after hold and 
cofferdam suctions is shown in Fig. 36. Similar 
arrangements could be adopted for the forward 
suctions led to the forward bilge and ballast pump 
room. 
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CONVERSION OF A TANKER TO AN 
ORE CARRIER 


A number of medium size tankers of about 
12,000-15,000 tons deadweight have been success- 
fully converted to ore carriers. 

The centre tanks are arranged as hold spaces 
and the wing tanks retained for the carriage of 
water ballast. A double bottom is fitted in way 
of the holds and this may be divided into tanks 
used for water ballast purposes, or maintained 
as dry compartments. When not used for the 
carriage of water ballast the double bottom tanks, 
in some instances, have served as bilge wells for 
the holds above. 

Before conversion, this type of ship is usually 
provided with one or two midship pump rooms, 
and these will need to be dispensed with to make 
way for the new holds. All bilge and ballast lines 
can be led to suitable pumps in the machinery 
space, or alternatively, one, or even two, of the 
wing tanks can be converted into pump rooms 
using the existing cargo pumps and some of the 
existing fittings from the old pump rooms. 

If the bilge suctions from the new holds are led 
to the main bilge line in the machinery space 
some increase in bilge pumping capacity may be 
needed, since the pumps had previously to deal 
only with bilge drainage in that compartment. 


CONVERSION OF A TANKER TO A 
GRAIN CARRIER 

If an existing tanker is used as a bulk grain 
carrier without suitable alterations being made, the 
question of carrying grain is a matter which rests 
solely between the owners and the cargo under- 
writers, since any certificate issued by the Society 
would not cover the ship’s fitness to carry dry and 
perishable cargoes. 

Should the owners, however, wish to make a 
permanent change in the vessel to enable her to 
carry grain in the cargo tanks, and qualify for a 
special class notation, it would be necessary for 
the following requirements to be complied with : — 
(1) Close ceiling to be fitted in each grain carry- 

ing compartment. 

(2) Provision to be made for blank-flanging the 
sea connections in the cargo pump rooms 
when grain is carried. 

(3) A sounding pipe to be fitted in each grain 
carrying compartment. 

(4) The pumping arrangements to be tested to the 
Surveyor’s satisfaction. 

(5) A minimum of two ventilators, having steel 
watertight closing appliances, to be fitted to 
each grain carrying compartment. 

Plans of ventilators to be submitted for 
approval. Freeboard would be re-considered. 

On completion of the alterations, the following 
descriptive notation could be recommended for 
insertion in the Register Book, viz: ‘Formerly 
tanker now converted for grain cargoes”. 


COASTERS 

A ship pumping plan and diagram of pumping 
arrangements in the machinery space for a typical 
coaster are shown in Fig. 37. 

It will be observed that the tank suctions are of 
uniform size, likewise the air pipes. This practice 
is strongly recommended for small ships with a 
view to avoiding confusion and mistakes in con- 
nection with the area of the air pipes. In any case 
it is difficult to understand why, for no apparent 
reason, a variety of sizes are so often proposed 
for the suction and air pipes for tanks which are 
similar as to contents and capacity. 

Since there is only one hold, and this is over 
110 ft. long, additional bilge suctions are provided 
in the forward part of the hold, as required by 
paragraph E 203. Some builders fit a levelling 
pipe of extra heavy thickness in the double 
bottom between the port and starboard bilges at 
the extreme forward end of the hold. With this 
arrangement only one bilge suction is necessary 
and may be fitted in either bilge. 

Tn this instance the forepeak suction pipe is led 
through the hold, but it is the practice among 
some Continental builders to connect this suction 
to the wash deck line and to join this line to the 
ballast main in the engine room. The wash deck 
line can then be used for pumping out and filling 
the forepeak. The Society has accepted this 
arrangement for many years, but it is now less in 
evidence than formerly. 
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The main disadvantage is that the suction lift 
will be in the region of 12-14 ft. when the tank 
is nearly empty, and, bearing in mind the length 
of pipe and the number of bends in it, there may 
be some difficulty in emptying the tank. It would 
be helpful if colleagues with experience of these 
ships would state whether, in their opinion, this 
practice is satisfactory, or not. 

Again, in these ships it is fairly common to have 
direct filling pipes to individual oil fuel tanks, and 
it would appear that the filling hose is pushed 
loosely into the pipe so that there is no danger of 
the tank being subjected to pressure if over-filled. 
It is not clear, however, why it is so often 
proposed that these pipes should also be used as 
sounding pipes. This would mean the removal of 
the hose when it was necessary to sound the tank. 
If a separate sounding pipe is not provided, 
obviously the best alternative is to use the air 
pipe for sounding purposes. 

The deck water ballast tanks have filling con- 
nections from the wash deck line and are emptied 
by merely opening a valve secured to the tank 
plating, allowing the water to run on to the deck 
and over the ship’s side through the scuppers. 

Turning to the machinery space, the modern 
motor driven coaster has a vastly improved 
pumping outfit compared with most ships of this 
type built before the war. 

Some colleagues will be acquainted with the 
somewhat unorthodox lay-out of shafting and flat 
belt pulleys on those ships, by means of which 
the main and auxiliary engines drove the genera- 
tors, pumps and compressors. Some of these 
curiosities may still be in existence, but such 
arrangements no longer appear to be contem- 
plated for new ships. 

Nowadays the auxiliaries tend to be grouped 
into units in which a generator, pump and com- 
pressor are driven by one auxiliary engine through 
V belts and/or clutches. Two such units are 
usually provided. 

In order to save time in port the pumps must 
be able to handle the water ballast rapidly, and 
this means that in most cases the Rule require- 
ments for capacity on bilge service are comfort- 
ably exceeded. 

It is not necessary for the auxiliary engine to 
be capable of driving all the auxiliaries in these 
units at the same time, but the power should be 
sufficient to drive the following simultaneously : — 
(1) The generator at the load necessary to supply 

the essential services. 

(2) The pump at full load on bilge, ballast or fire 
duty, OR, the air compressor at full load, 
whichever requires the most power. 

With regard to item (1) the essential electrical 
load is that required to supply such services as 
are applicable from those enumerated in Para- 
graph M 2403 of the Rules. 

TRAWLERS 

Coal burning trawlers continued to be built for 
a few years after the last war, but it was not long 
before the rising cost and shortage of this fuel 
led to practically all new steam trawlers being 


arranged for oil burning. Further, the conversion 
of existing vessels from coal to oil burning was 
taken in hand about this time, and trawlers with 
diesel machinery began to make their appearance. 

These developments necessitated radical changes 
in the existing pumping Rules for trawlers, since 
these were of the simplest character, and new 
Rules were introduced which are essentially the 
main Rules modified at various points to make 
them applicable to this particular class of ship. 

The old formula for the size of the main bilge 

L 
line and direct bilge suction viz: D=-——-+-1, 
100 
has been retained. When the length of the vessel 
is less than 250 ft., as in the case of trawlers, this 
formula gives a size slightly less than that obtained 
by using the formula in the main Rules. 

In these ships there is usually a good rise of 
floor both for the bottom plating and the tank 
top, and this makes it possible to obtain good 
drainage of the hold by means of a single bilge 
suction in a slush well at the centre line. Hand 
pumps are often provided in addition to the 
power pump bilge suctions in the machinery space, 
the hold and the forward store, presumably to 
enable these spaces to be drained when power is 
not available on board. 

It is necessary in trawlers to ensure as far as 
possible that oily water is not discharged over- 
board, where it might be injurious to the fish ; nor 
into the wash deck line which is used during fish 
cleaning operations. 

As the oil fuel tanks are not usually arranged 
for the carriage of water ballast, the chief danger 
lies in the discharge of oily bilge water. Accord- 
ingly, it is desirable that one pump should be 
provided for bilge duty only, and that this 
pump should be arranged to discharge overboard 
through an oily water separator. The other 
pump(s) which is required to be available for 
bilge duty need not normally be used for this 
purpose, and can be maintained in clean condition 
for use on wash deck service. 

The plans of pumping arrangements for a 
coaster shown in Fig. 37 could be adapted for a 
trawler if they were modified as necessary to suit 
the different arrangement of tanks and compart- 
ments. 

TUGS 


It is frequently observed on pumping plans of 
tugs that no provision is made for draining the 
accommodation space forward of the engine room. 
In most cases this space is situated above tanks 
used for the carriage of oil fuel or fresh water, 
and drainage may be arranged in one of the 
following ways : — 

1. A bilge suction led to the main bilge line. 

2. A hand pump suction. 

3. A drain valve on the engine room side of the 
bulkhead with control to deck and indicator 
at deck level. 

A trapped scupper, with non-return flap valve, 
to a cofferdam which is provided with a bilge 
suction. 
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When the accommodation is not situated above 
tanks, hand or power pump bilge suctions are the 
only practicable means of drainage. 


If there is an accommodation or store flat at 
the after end of the machinery space, this may be 
drained by means of a scupper led to the engine 
room and fitted with a self-closing cock, as per- 
mitted for trawlers. 


If a tug, or any other self-propelled vessel for 
that matter, can proceed to sea, even for coastal 
voyages, it is necessary for two bilge pumps of 
Rule capacity to be provided. When, however, 
there is a class notation restricting the vessel to 
harbour or river service, concessions may be made 
consisting of a reduction in pumping capacity 
and/or the acceptance of a hand pump in place 
of one of the power pumps. It is not possible to 
lay down a definite ruling on this matter as so 
much depends upon the actual service, and the 
size and power of the vessel. Generally, the 
question of concessions only arises in the case of 
the smallest tugs, since most vessels of this type 
have an independently driven general service 


pump of reasonable capacity, and this, supple- 
mented by the main engine driven bilge pump, 
Rule 


usually ensures that requirements are 


complied with. 
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There are advantages in keeping the bilge and 
ballast pumping arrangements on a tug as simple 
as possible, and Fig. 38 shows a diagram which 
could form a basis for the arrangements on the 
smaller vessels of this type. Larger tugs could 
have pumping arrangements in the engine room 
based on those illustrated for the coaster. 


YACHTS 


Survey work on these vessels is difficult, to say 
the least; mainly due to the fact that owners, 
designers and builders cling tenaciously to their 
own ideas, which they prefer, often enough, to 
the requirements of the Rules. 

This is particularly true in the matter of pump- 
ing arrangements, and may have been due in some 
measure to the fact that the old Yacht Rules left 
much to be desired. Now, however, the Rules 
are greatly improved and can be easily followed. 

If the length is below 50 ft. hand pumps only 
are required, and in such cases no difficulties 
should arise, provided the hand pumps are the 
correct size and/or capacity. 

It is when a power pump is fitted that trouble 
begins, generally due to faulty arrangement of the 
various suctions. 

A simple scheme for a power pump combined 
with a hand pump is shown in Fig. 39. 
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If more elaborate arrangements are necessary, 
particularly when the length is over 100 ft., the 
arrangements could be based on those for the 
coaster or the tug, shown in Figs. 37 and 38. 


MISCELLANEOUS ITEMS 
Ship Side Valves 


Paragraph E 270 requires ship side valves and 
cocks over 3 in. bore to be of steel or an approved 
grade of cast iron or other approved material. 

Whilst steel is suitable from the point of view 
of strength and ductility, its liability to corrosion 


causes Many Owners to reject it in favour of a 
more corrosion-resistant material. Gunmetal or 
bronze are ideal for the purpose, but their cost is 
high and for this reason they are mostly used for 
small and medium sized fittings. 

These considerations have led to the extensive 
use of high duty cast iron for ship side valves in 
connection with machinery installations in engine 
and boiler rooms, pump rooms and cofferdams. 

Acceptable qualities are as follows: 

Spheroidal Graphite Cast Iron (in the annealed 
condition), minimum tensile strength 27 tons per 
sq. In. 

Meehanite Cast Tron (grade G.D.), minimum 
tensile strength 16 tons per sq. in., or superior 
grades. 

British Standards Specification No. 1452: 1956. 
Grey Tron Castings (grade 17), minimum tensile 
strength 17 tons per sq. in., or superior grades. 

In the case of firms proposing to manufacture 
ship side valves of the above special quality cast 
irons, it must be ascertained that the foundry 
procedure is such as will ensure the production 
with consistency of sound castings having the nec- 
essary mechanical properties. With this in view, 
a series of tests should be carried out on the 
material of typical castings and the results of these 
tests, together with particulars of the chemical 
properties of the material should be forwarded 
to the Head Office for consideration. 

For the routine testing of spheroidal graphite 
cast iron, the number and type of test pieces may 
be in accordance with the requirements of B.S.S. 
2789: 1956, and similarly, for high duty cast iron, 
the number and type of test pieces should be in 
accordance with B.S.S. No. 1452: 1956. 

A copy of an official memorandum entitled 
“Approval of Iron Foundries”, intended for the 
guidance of Surveyors, is contained in Appendix V. 


Plastic Pipes 


There is a considerable amount of interest in 
the possibilities of plastic piping amongst ship- 
owners and shipbuilders, and the Society is pre- 
pared to consider proposals to fit such pipes where 
they can be used with advantage and safety. 

One serious disadvantage of plastic pipes, which 
makes them unsuitable for many essential services 
on ship, is that they are either inflammable or 
quickly damaged by flame or heat. Further, the 
strength of plastic piping is generally much less 
than that of metallic piping. 

It follows, therefore, that these pipes, while 
excellent from the viewpoint of corrosion resist- 
ance and lightness, are inferior to metallic pipes 
in other respects, and their application to services 
essential to the propulsion of the ship and _ its 
safety must be treated with caution at their 
present state of development. 

With regard to possible applications, there is no 
objection to the use of plastic piping for domestic 
cold salt and fresh water systems on board ship, 


nor for wash place and lavatory waste pipes where 
these are situated above the freeboard deck and 
are not connected to ship side valves. 

Consideration would be given to the use of 
plastic tubing for sounding and air pipes to water 
ballast and fresh water tanks, also for tank suction 
and filling pipes situated inside double bottom 
tanks where they are not in contact with oil fuel. 
The pipes should be of high grade polythene or 
hard P.V.C. tubing, not less than 3/16 in. thick. 
Above the freeboard deck air pipes should be of 
steel. 

Suitable provision should be made for differ- 
ential expansion effects, as the coefficient of linear 
expansion of plastic tubing is between eight and 
ten times that of steel. 

It would also be necessary for tests to be carried 
out on typical joints, to demonstrate that the 
proposed method of jointing the pipes is satis- 
factory. 

Experiments are proceeding with glass fibre 
pipes for various services, but it will be some 
time before definite conclusions can be drawn as 
to the suitability, or otherwise, of these pipes for 
the particular service in which they are being 
tested. 


Bottled Petroleum Gas as Fuel in Galleys 


Some of the smaller vessels have cooking ranges 
using) butane gas (“calor gas”) as fuel. The 
Society, however, has no published requirements 
relating to such installations, the fitting of which 
is primarily a matter for agreement between 
owners and builders. 

In British ships the galleys must comply with 
the Merchant Shipping (Crew Accommodation) 
Regulations, and the Ministry of Transport in 
their handbook on Crew Accommodation have the 
following to say on the subject : — 

“Ranges using gas for fuel require special 
precautions. The galley space should be well 
ventilated, and one ventilator should be trunked 
to the floor. The gas piping should be of solid 
drawn metal, with a minimum number of joints 
and with sufficient flexibility to obviate strain, 
The stove, gas containers and piping should be 
adequately secured, and the supply of gas should 
be capable of being shut off from the open deck 
or some other safe position. The gas containers 
should preferably be sited on deck, but if placed 
in an enclosed space the space should be 
adequately ventilated. The gas should have a 
characteristic smell so that a leakage can be 
readily detected.” 

Additional detailed information in connection 
with the use of this fuel on ships can be found 
in the following publication : — 

British Standard Code of Practice CP 339: 
Part 3 (1956). 

Domestic Butane Gas-Burning Installations. 

Part 3: Installations in Boats, Yachts and other 
Vessels. 


43 


CONCLUSION 


Looking back over what has been written, the 
Author is very conscious of the inadequate treat- 
ment of his subject. Indeed, every time it has 
been necessary to read over any portion already 
regarded as complete, there has been a tempta- 
tion to add more. This has been yielded to in 
some instances, but it is now necessary to call a 
halt as the paper is longer than originally 
intended. 

The Author’s thanks are due to his colleagues 
in the Engineers’ Plans Department at the Head 
Office for advice and help in various ways, in 
particular, Mr. J. Crawford for his assistance with 
the sketches. 

If these notes are of any use to members of the 
Staff Association in their work, and prompt them 
to add to the general field of knowledge on the 
subject by contributing to the discussion, the 
effort made in the preparation of this paper will 
have been worth while. 


APPENDIX I 


SURVEY OF PUMPS 


The Society has no requirements relating to the 
design of centrifugal pumps for marine service 
other than the requirement that, if employed on 
bilge duty, they should be of self-priming type or 
be capable of being primed by an approved 
priming device. 


Pumps which are intended for bilge, ballast, oil 
fuel transfer and any other service essential to the 
propulsion of the ship or its safety should be 
surveyed during construction by the Surveyors, 
who are required to witness the hydraulic tests 
and running tests which are normally carried out. 
In the case of the hydraulic tests the practice 
varies but it is considered that the test pressure 
should not be less than 14 times the working 
pressure. For refrigeration purposes, a capacity 
test is also required on each size of pump. 


The material of the pumps need not be tested 
in the presence of the Surveyors, but the Sur- 
veyors are required to satisfy themselves that the 
material is sound and suitable for the purpose 
intended. 


If the Surveyors have any doubts regarding the 
suitability of pumps for bilge service, it will be 
necessary for tests to be carried out to demon- 
strate the efficiency of the priming devices and 
that the pumps can deal with water containing 
foreign matter such as is usually found in ships’ 
bilges. 


During these tests the suction line to the pump 
should be fitted with a mud-box or strainer of 
standard marine design, and with at least one 
non-return valve in order that the conditions may 
approximate to those prevalent on board the 
average ship. A flexible suction pipe should be 
provided on the inlet side of the mud-box and 
whilst the pump is running at full power the 
suction pipe should be lifted clear of the liquid 
and replaced in order to show that the pump is 
of self-priming type. This operation should be 
repeated several times. 

Pumps not required for essential services such 
as washing water, drinking water and sanitary 
pumps need not be constructed under survey 
unless specially desired. 

Cargo oil pumps and their prime movers are 
not required to be constructed under survey as 
these are essentially cargo-handling appliances. 
If, however, it is specified by owners or builders 
that such pumps are to be constructed to the 
Society’s requirements the survey of the pump 
portion of the unit should be on the lines indicated 
above. The survey of the prime movers should 
be in accordance with the requirements of the 
Rules for auxiliary machinery. 

It is not necessary for a diesel engine-driven 
emergency fire pump to be constructed under 
survey but the unit should be tested under full 
working conditions after installation on board the 
vessel and found satisfactory before acceptance. 


APPENDIX II 


MEMORANDUM RESPECTING THE CONVERSION OF DOUBLE BOTTOM 
TANKS, DEEP TANKS OR COAL BUNKERS FOR THE CARRIAGE OF OIL FUEL AND 
THE CONVERSION FROM COAL TO OIL BURNING 


HULL 


Double Bottoms 


1. Any holes in the centre girder, except in way 
of the end tanks, to be closed to the Surveyors’ 
satisfaction. 

2. Cofferdams should be fitted between tanks 
intended for carriage of oil fuel and those intended 
for carriage of feed or drinking water. 

3. Where the tank top seams in the holds are 
single riveted it should be recommended that 
complete ceiling be fitted on transverse battens 
with at least + in. air space between the ceiling 
and the plating. If, however, it is desired to omit 
the ceiling, then this could be done provided : — 
(a) The existing thickness of the plating be not 

less than -34 in. and the general condition is 
good. 

(b) The single riveted seams be reinforced by 
electric welding. The single riveted seams 
in the boiler room should be similarly rein- 
forced. 

The Surveyors should satisfy themselves that 
the efficiency of the riveting is in no way affected 
after carrying out the welding. 

4. No additional reinforcement need be required 
to the existing margin connections. 

5. Long tanks should be divided transversely at 
mid-length. 

6. The remaining requirements of Section 20, in 
so far as they apply, to be complied with. 


Deep Water Ballast Tanks or Coal Bunkers 


1. Plans showing the proposed modifications 
and strengthening to be submitted in each case 
and the height of the overflow should be stated. 

2. If the bulkhead forming the boundary 
between the oil fuel and the cargo is not wholly 
welded, sparring or lining and gutterways are to 
be fitted on the hold side. 

In all cases, whether the bulkhead is welded or 
riveted, a gutterway is to be fitted in the boiler 
room in close proximity to the bulkhead. Pro- 
vision to be made for draining gutterways. 

3. A cofferdam should be fitted separating oil 
fuel tanks from compartments intended for the 
carriage of feed or drinking water. 

Double bottom tanks immediately below oil 
fuel tanks should not be used for feed or drinking 
water unless separated by a cofferdam. Provision 
to be made for sounding, draining and ventilating 
cofferdams. 


4. See also items 4 and 6 for double bottoms. 


MACHINERY 


Oil Fuel Units 


Not less than two complete units to be provided, 
together with a starting-up unit. 


Transfer Pump 


When a power-driven transfer pump is neces- 
sary, a stand-by pump is to be provided as detailed 
in paragraph E 308. 

Settling Tanks 
To be complete with fittings as per Rules. 


Gutterways or drip trays with provision for drain- 
age to be fitted in way of tanks. 


Oil Bunkers 


The attachment and control of valves and 
cocks on the tanks to be as per Rules. 


Steam Heating Pipes and Coils 

Pipes and coils in the oil fuel tanks to be of 
wrought iron or steel, the drains to be led to an 
observation tank, and the scantlings of the pipes 
to be suitable for the maximum steam pressure 
to which they can be subjected. 


Piping Arrangements 

|. All pipes situated within the oil fuel tanks 
or used for oil fuel pumping should be of iron 
or steel. 

2. It is recommended that change-over devices 
be fitted at the valve chests of tanks used alterna- 
tively for oil fuel and water ballast. 

3. Pumps which are used for boiler feeding are 
not to have connections to the bilges or to the 
ballast line if this is connected to tanks which 
may be used for the carriage of oil fuel. 

4. The feed pumps should have a direct con- 
nection to the feed tanks. 

5. If the feed tanks have connections to the 
ballast line, these connections should be blanked 
off or the valves should be of non-return type. 

6. Pipes used for pumping boiler feed water, or 
drinking water, should not be used for pumping 
oil or oily water nor should they be led through 
tanks containing oil fuel. 

7. If the forepeak suction and filling line passes 
through oil fuel tanks, a valve controlled from 
above the bulkhead deck should be fitted on the 
forward side of the collision bulkhead. 

8. Bilge pipes passing through deep oil fuel 
tanks are to be arranged as per paragraph E 253. 

9. If lead pipes are fitted in bilge lines of 
machinery spaces, pipes of iron or steel should 
be substituted for the lead pipes. 


a 
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Air Pipes 

Air pipes to all tanks intended for the carriage 
of oil fuel should have a cross-sectional area of 
not less than 14 times that of the respective filling 
pipes. The outlet end of the pipes should be fitted 
with a readily removable wire gauze diaphragm. 


Sounding Pipes 

Provision to be made for sounding oil fuel 
tanks. Short sounding pipes should be fitted with 
self-closing cocks. 

Fire Extinguishing Arrangements 

The relevant requirements of Chapter F to be 
complied with. 

The motive power of the oil fuel transfer 
pumps, unit pressure pumps and forced draught 
fan, also steam supply to the fire extinguishing 
system to be controlled as per Rules. 


Wood fittings or bearers are not to be fitted or 
retained in boiler room or in the compartment 
containing the settling tanks. 

Save-alls to be fitted at furnace mouths. 


Funnel Damper 


The damper should be removed, unless it is 
intended to revert subsequently to coal burning 
in which case efficient locking arrangements for 
the damper are to be provided. 


Plans 


Copies in triplicate of the amended plan of 
pumping arrangements, oil fuel burning arrange- 
ments and oil fuel settling tanks should be sub- 
mitted for approval before the work is put in 
hand. 


APPENDIX III 
PREVENTION OF POLLUTION OF THE SEA BY OIL 


Regulations. made under the Oil in Navigable 
Waters Act, 1955, are contained in the following 
Statutory Instruments : — 


1956 No. 896 (Commencement of Order). 
» No. 897 (Heavy Diesel Oil). 
No. 899 (Prohibited Sea Areas) (Protection 
of United Kingdom Coasts). 
» No. 1423 (Ships? Equipment) (No. 1). 
1957 No. 357 (Records): 
.» No. 358 (Transfer Records). 
» No. 1424 (Ships’ Equipment). 
1958 No. 1058 (Prohibited Sea Areas) (Australian 
Zone). 
. No. 1060 (Exceptions and Exemptions). 
. No. 1526 (Enforcement of Convention). 
No. 1527 (Convention Countries) (Various). 


Builders and manufacturers will be chiefly 
interested in the regulations dealing with ships’ 
equipment, and the official explanatory notes 
indicating the general purpose of S.I. 1956 No. 
1423 and 1957 No. 1424 are as follows : — 


1956 No. 1423—Explanatory note: ‘These 
regulations require certain British ships registered 
in the United Kingdom to be so fitted as to 
prevent oil fuel from leaking or draining from 
machinery spaces into bilges”. 

(N.B.—For the guidance of shipowners, ship 
masters, shipbuilders and ship repairers, the 


Ministry of Transport and Civil Aviation Notice 
No. M 407 gives further information concerning 
the arrangements which would be regarded as 
complying with the Regulations). 


1957 No. 1424—Explanatory note: ‘These 
regulations require all British ships registered in 
the United Kingdom, not being tankers, which 
have a gross tonnage of 80 tons or more, and 
which use their bunker fuel tanks for ballast 
water, to be fitted with an oily-water separator. 
The regulations also specify the requirements with 
which the separators must comply”. 

(N.B.—It is understood that tankers have been 
omitted on the basis that in British practice they 
do not normally carry water ballast in their oil 
fuel tanks). 


In addition to the foregoing there is also pub- 
lished the “Manual on the Avoidance of Pollution 
of the Sea by Oil”. This is a valuable handbook 
on the general question of oil pollution and pro- 
vides a variety of information in two parts, viz. : — 


Part I—Prevention of spillage, leakages and 
accidental discharges. 


Part Il—Disposal of oil-contaminated water and 
oil residues. 


Copies of all the above publications can be 
obtained from Her Majesty’s Stationery Office. 


APPENDIX IV 


Extracts from Rules and Regulations governing 
navigation of the Panama Canal. 

Chapter 8—Article 3. 

Hazardous Liquid Cargoes. 
Inflammable Liquid 


The term “inflammable liquid” means any 
liquid which gives off inflammable vapours (as 


determined by flash point from an open-cup tester, 
as used for test of burning oils) at or below a 
temperature of 80° F. Inflammable liquids are 
referred to by grades as follows: — 

Grade “A”. Any inflammable liquid having a 
Reid vapour pressure of 14 lbs. or more. 

Grade “B”. Any inflammable liquid having a 
Reid vapour pressure under 14 lbs. and over 8+ Ibs. 


Grade “C”. Any inflammable liquid having a 
Reid vapour pressure of 8} Ibs. or less and flash 
point of 80° F. or below. 


Combustible Liquid 


The term “combustible liquid” means any liquid 
having a flash point above 80° F. (as determined 
from an open-cup tester, as used for test of burn- 
ing oils). Combustible liquids are referred to by 
grades, as follows: —- 

Grade “D”. Any combustible liquid having a 
flash point below 150° F. and above 80° F. 

Grade “E”. Any combustible liquid having a 
flash point of 150° F. or above. 

Flash Point 

The term “flash point” indicates the tempera- 
ture in degrees Fahrenheit at which a liquid gives 
off an inflammable vapour when heated in an 
open-cup tester. For the purpose of these regula- 
tions, flash points determined by other testing 
methods will be equivalent to those determined 
with an open-cup tester as follows : — 


EQUIVALENT FLASH POINTS 


Tag Closed Pensk y-Martens 
Open Cup Cup Tester Closed Tester 


Tester ° F. (A.S.T.M.) (A.S.T.M.) 
Set. SEL 
80 | = 
150 — 140 


Reid Vapour Pressure 


The term “Reid vapour pressure’ means the 
vapour pressure of a liquid at a temperature of 
100° F. expressed in lbs. per sq. in., absolute, as 
determined by the “Reid Method” as described in 
the American Society for Testing Materials, 
Standard D-323 (most recent revision) Method of 
Test for Vapour Pressure of Petroleum Products. 
This standard is available at United States Coast- 
guard Headquarters for reading purposes, or it 
may be purchased from the Society in Philadelphia, 
Pa. 


Venting of Cargo Tanks 


(a) On all tank ships each cargo tank shall be 
equipped with a vent. The diameter of a vent 
shall be not less than 2+ in. 


(b) Cargo tanks in which Grade “A” liquids are 
to be transported shall be fitted with a venting 
system consisting of branch vent line from each 
cargo tank connected to a vent header which shall 
extend to a reasonable height above the weather 
deck and be fitted with a flame arrestor or 
pressure-vacuum relief valve. Each branch vent 
line may be provided with a manually operated 
control valve, provided it is by-passed with a 
pressure-vacuum relief valve, or each cargo tank 
to which such a branch vent line is connected is 
fitted with an independent pressure-vacuum relief 
valve which shall extend to a reasonable height 
above the weather deck, or the control valve is 
locked in open position while in Canal Zone 
waters. Venting of Grade “A” cargo tanks near 
the deck line is prohibited. 

(c) Cargo tanks in which Grade “B” or “C” 
liquids are to be transported shall be fitted with 
individual pressure-vacuum relief valves, which 
shall extend to a reasonable height above the 
weather deck, or shali be fitted with a venting 
system consisting of branch vent lines connected 
to a vent header which shall extend to a reason- 
able height above the weather deck and be fitted 
with a flame arrestor or a pressure-vacuum relief 
valve. 


(d) Venting systems required for Grade “A” 
liquids may be used in lieu of systems required for 
Grade “B” and “C”. 

(e) Cargo tanks in which Grade “D” or “EB” 
liquids only are to be transported shall be fitted 
with goose-neck vents and flame screens unless 
such tanks are vented by pressure-vacuum relief 
valves or a venting system of branch vent lines and 
a vent header. 

(f) Venting systems required for Grade “A”, 
“B” or “C” liquids may be used in lieu of systems 
required for Grade “D” or “EB”. 


APPENDIX V 


APPROVAL OF IRON FOUNDRIES 


Details should be obtained of : — 


Foundry and Foundry Equipment. 

Melting Department—type and size of furnaces. 

Raw Materials and source. 

Heat Treatment Furnaces—types, sizes, heating 
mediums, controls and temperature checks. 

System of keeping records. 


High Duty [rons 


Types produced and typical analyses. 
Tests on some typical castings, with analyses and 
heat treatment, if any. 


Destruction tests to check foundry technique and 
soundness of product. 


S.G. Irons 


Types, typical analyses and heat treatments. 

Method of melting and raw materials used. 

Type of inoculation and temperature at which 
carried out. 

Time limit between inoculation and end of 
casting. 

Existing foundry control tests. 

Tests on typical castings, with analyses, heat treat- 
ment and micrographs. 

Destruction tests as for High Duty Irons. 
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Discussion on 
Mr. H. R. Clayton’s Paper 


Pumping and Piping 
Arrangements 


Mr. W. MACMILLAN 


In introducing his paper to us this evening 
Mr. Clayton has, by the brevity of his remarks, 
set an example which I propose to follow. 

This is an excellent paper. It will enhance 
the records of the Association and be a valuable 
reference to our colleagues who have to deal 
with these matters in their day-to-day work. 

My comments are few. On page 8 Mr. 
Clayton refers to arrangements for flooding 
cargo holds for ballasting. We are most 
probably going to be faced, following upon the 
explosion on the Seistan not long ago, with 
arrangements for flooding holds in cargo ships 
in which explosives are to be carried as part 
cargo. It would seem to me that this should 
best be done through the hold bilge lines and 
not through direct flooding valves on the ship’s 
sides, but I would be glad to hear Mr. Clayton’s 
views and to have his suggestions for preventing 
the accidental admission of water to the holds. 

In connection with the lubricating oil systems 
referred to on page 27 I think we could profit 
from a recent experience in which a ship de- 
veloped a heavy list and the main engine had to 
be stopped because the lubricating oil pump 
suction became dry due to the list. 

A further point concerns the testing of bilge 
suctions. Years ago I was quite intrigued to 
find a shipbuilder, who did not want water in 
his freshly painted bilges, using canvas bags 
similar to horses’ “nose-bags” to hold the water 
for the test. This dodge may not be generally 
known. 

There are other matters dealt with in the 
paper which impinge on the freeboard and 
safety survey work with which I am chiefly con- 
cerned, but I know that there are other speakers 
who have those matters well in mind _ this 
evening. It remains for me, therefore, to add 
my appreciation to what our Chairman has 
already said. 


Mr. C. BEASON 


The Author is to be congratulated on this 
comprehensive and _ informative paper. No 
aspect of importance has been overlooked which 
is proof enough of the effort and experience 
expended in preparing it. 


As the Author states it is impossible to cover 
the many diversities of pumping and piping in a 
paper of this size, but I would suggest there are 
one or two points which could be amplified with 
advantage. 

On page 5 there is a sketch showing an 
amended position of a sounding pipe to a fore 
peak tank. In some ships the fore peak bulk- 
head forms the fore side of the chain locker and 
the construction of the latter is not of scantlings 
suitable to the head of water to which the fore 
peak tank may be subjected. It should, there- 
fore, be made clear that the sounding pipe 
should be wholly contained in the fore peak 
tank. 

On page I1, Fig. 12 shows the bilge and 
ballast lines of a vessel with the machinery space 
amidships. It will be seen that the bilge pipes 
connecting the collecting boxes of the forward 
bilge suctions are marked 5 in. bore but it would 
be in order for these pipes to be reduced to the 
aggregate area of the two largest branch 
suctions, i.e. in this case 44 in. This would also 
be applicable to the calculation of the size of 
the tunnel main bilge line. 

The Author states that modern turbine ships 
of high power often have two main circulating 
pumps, one of which is sufficient for normal 
service requirements. In a case such as this, is 
it in order to estimate the size of bilge ejection 
on the size of the suction bore of one pump or 
should the combined pump sea inlet bore be used 
for calculation purposes, and would the Author 
give his opinion on the mechanical effect when 
the diameter of the non-return valve reaches 
massive dimensions. 

On page 26 it states the practice of connecting 
the main and stand-by cooling water pumps to 
two inlet valves attached to one sea chest or 
reservoir is not acceptable. Would the Author 
state if this practice is in order when the reservoir 
spans at least two frame spaces. 

On page 28, with reference to crankcase 
breather pipes and lubricating oil systems, would 
it not be prudent to arrange for the drain pipes 
from diesel engine crankcases to the sump tank 
to be always submerged, especially when two or 
more engines drain to a common sump. 

With reference to aluminium alloy coils in 
cargo oil tanks, the Author states that it is 
necessary to insulate the whole system from the 
steel structure of the ship to avoid electrolytic 
corrosion. I think this would be better described 
as electro-chemical corrosion, as the former 
would indicate the corrosion would be caused by 
an external application of electrical potential and 
not set up by galvanic action as the Author 
appears to indicate. 

In view of the every-day practice of con- 
structing separate small oil fuel bunkers and 
service tanks by welding, would the Author care 
to comment on the practice of forming the drip 
tray by extending the bottom of the tank. 

On page 41, with reference to pumping arrange- 
ment of trawlers, there is one point which 


always comes to mind. These vessels may have 
their fuel oil carried in athwartship cross bunkers, 
provided the floors are kept intact adjacent to 
the bunkers and isolate them from the rest of the 
vessel, thus forming a deep oily bilge which can 
either be drained by the oil fuel pump or a 
separate small oily bilge pump. It is acceptable 
for the general service pump to be used both on 
the bilgee system and for stand-by boiler feed 
purposes; would the Author state if this is only 
applicable to trawlers. 

On page 40, Fig. 37 shows an arrangement 
of a small vessel having a length of hold greater 
than 110 feet. The Rules state that provision 
should be made for draining both the fore and 
aft ends of the hold. The diagram shows these 
suctions as being all of Rule size. Would it not 
be in order for the forward bilge suction to be 
only 2 in. bore, i.e. the minimum acceptable size 
of bilge pipe. It should also be noted on vessels 
of this type the Rule bilge main size may be 
determined by the length of the hold and not by 
the Rule length of the vessel. 

His views of calculating the bilge main size on 
mammoth tankers where the machinery space is 
divided into separate engine and boiler rooms 
would be appreciated. 


Mr. R. C. HUTCHINSON 


Mr. Clayton has written a paper which I am 
sure will become a well used reference booklet 
particularly for our colleagues in the great out- 
doors. 

I agree wholeheartedly with his opinion 
regarding the gauze covers on air pipes from oil 
fuel tanks particularly when these are so 
positioned that the Bos’n’s squad can reach them 
with a paint brush. 

Regarding the carriage of wine in bulk I 
remember one case where, in a ship building 
in Canada, it was proposed to lead an overflow 
pipe from the wine tanks to the engine room and 
I think it was having to delete that connection 
which first made me realise the seriousness of 
the amendments which are sometimes made on 
piping plans. 

There is one little point regarding rubber 
expansion pieces which might be worth noting, 
namely, that great care should be taken to ensure 
that these are not damaged when being fitted. 
There was one case where the expansion piece 
failed after only a few months service. This 
failure was found to be due to the bolt holes 
having been out of alignment and in forcing the 
bolts through the holes the rubber had been 
damaged and the cotton reinforcement exposed. 
Bacteria in the sea water had attacked the cotton 
causing the failure of the expansion piece. 

So far as stand-by arrangements for lubricating 
oil and cooling water are concerned I, too, think 
that more credit could be given to twin screw 
installations. 

In conclusion I hope that this paper will, 
through our colleagues outside, help to bring 


about a more uniform attitude of mind among 
draughtsmen engaged on piping plans. At 
present these seem to divide into three types. 

First there is the chap who has obviously read 
the Rules and draws his plans accordingly. 

Secondly, there is the fellow who apparently is 
either “agin” all Rules or else has decided that 
the Rule book states all that you mustn’t do. 

The third type, happily rather rare, has 
apparently an M.I.5 type of mind. Everything 
is secret and I’m convinced that he’s only 
satisfied with a plan when he can say with a 
certain amount of confidence, “They'll never 
guess what I’m trying to do with these connec- 
tions”. 


Mr. T. D. SHILSTON 


Mr. Clayton has done an excellent job in 
writing this paper which illuminates the science 
and art of ship piping arrangements. The paper 
will be a standard work for many years to come. 

Plans of piping arrangements in diagrammatic 
form are most desirable both from Head Office 
and from the Outdoor Surveyors’ points of view 
as they are easy to follow, but there remains the 
difficulty of reconciling the pipes which the Yard 
puts into the ship with the approved plan which 
the Surveyor has in his hand. This is a very 
time consuming and laborious operation if done 
properly since it involves scrambling over all sorts 
of obstacles and one is sometimes left with the 
doubt as to whether, for example, the pipes which 
on the plan are called straight tail pipes are 
sufficiently straight. 

Mr. Clayton mentions pipes which on the plan 
leave a main line and are discontinued. Even 
more frustrating are pipes which suddenly appear 
from nowhere, wander across the plan and 
disappear into the blue. Some of these I am 
convinced are no more than draughtsmen’s 
practical jokes! 

There is some difficulty in properly ventilating 
certain closed spaces such as double bottom coffer- 
dams and duct keels even when two air pipes are 
fitted and there is always the possibility of foul 
air lying in these spaces. Surveyors should make 
sure before going into such places that after the 
manhole doors have been removed, the spaces 
have been properly cleared of foul air. 

There is a note in the paper on cylindrical 
tanks for the carriage of sulphuric acid in which 
it is stated that such tanks should be to Class 2B 
requirements. This is, of course, a minimum and 
no objection would be made to tanks to Class 1 
or Class 2A requirements. 

With regard to the suction lifts of pumps it will 
be noted that Fig. No. 14 allows only for a short 
pipe with one bend. Where a long length of 
pipe is involved, the suction lift of the pump 
would be considerably reduced and this could be 
serious. If it appears during fitting out that the 
pump lift may be excessive, it would be as well 
to point this out to the builders as soon as 
possible. 


High pressure and high temperature oil fuel 
lines represent a_ serious fire risk and it is 
necessary to be quite sure that all joints are really 
tight and they should be followed up after hot oil 
has been circulated. Joints should, therefore, be 
readily accessible so that a spanner can be easily 
fitted on all nuts. Wherever possible, it is 
desirable to have joints clear of hot surfaces. 

With reference to lub. oil systems the paper 
mentions that a stand-by pump is required for 
oil-operated reverse gears. It might be added 
that they are also required for oil-operated con- 
trollable pitch propellers. 

The use of copper and aluminium alloys for 
heating coils is increasing and it would be of 
interest if the Author could tell us what service 
experience we have with these materials. 

| would like to finish with a short moral tale, 
which happens to be true, about self-closing 
cocks. A Surveyor made it his practice during 
the dock trials of new ships, to go round trying the 
self-closing cocks in the machinery space and 
tunnel, making a note of those which did not 
work freely so that they could be attended to. 

On one occasion having tried a few and found 
them very tight he approached the manager, who 
was standing by the engine, to register a com- 
plaint. The manager with a look of disgusted 
disbelief strode over to the nearest short 
sounding pipe and wrenched open the self-closing 
cock. Unfortunately the sounding pipe led to a 
double-bottom oil fuel tank which happened to 
be under a high pressure and more unfortunately 
the cock stuck open. A stream of oil shot up- 
wards, hit the deck head above and a downpour 
of oil drenched all those in the vicinity, including 
the manager, the owners’ superintendent and, 
most unfairly, the Surveyor. I don’t know what 
the moral of this is, but there should be one 
somewhere! 

I would like to thank Mr. Clayton for a most 
interesting and valuable paper. 


Mr. S. ARCHER 


This paper represents a most valuable addition 
to the Transactions of our Association and I 
should like to congratulate the Author and thank 
him for setting down in such a clear and straight- 
forward manner most of what the Surveyor on 
the job needs to know about pumping and piping. 
based as it is upon a wealth of experience in the 
Engine Plans Department over many years. The 
paper is, in fact, a worthy successor to that read 
some 20 years ago by Mr. J. R. Beveridge and, 
like it, will, I feel sure, be an invaluable guide 
and pilot to present and future generations of 
Surveyors in navigating the sometimes perilous 
waters of pumping and piping! I don’t really 
know what attracts me most about Mr. Clayton’s 
approach to the subject. One thing everyone will 
agree upon, no doubt, and that is the number and 
excellence of the sketches and illustrations, also 
the heavily marked sub-headings which will 
facilitate rapid reference to any particular point 


of enquiry. The time and labour involved in the 
preparation of such a comprehensive paper can 
only be appreciated by those who, like myself, 
have been privileged to watch its beginnings and 
discuss some of its contents with the Author. 

On page 15 and in Fig. 14, under “Suction 
Lifts” the Author points out that the limiting lifts 
with a reciprocating pump depend greatly upon 
liquid temperature and this, of course, is because 
the onset of cavitation is encouraged as the tem- 
perature rises. This reminds me of a recent French 
paper in which for a petroleum tanker it was 
proposed to omit cargo pipe lines altogether and 
merely rely on deck-controlled gate valves at each 
bulkhead, whereby the oil would flow by gravity 
from tank to tank until it could be lifted from the 
aftermost compartment. This was claimed to 
increase the speed of pumping since the effective 
head above the tank suction before cavitation set 
in (and hence reduced flow occurred) became 
greater as the length of pipe line, and hence the 
friction head, increased. Although the saving in 
weight of pipe lines sounds attractive, I would 
imagine that the practical limitations far outweigh 
the advantages. What are the Author’s views, I 
wonder? 

Figs. 6 and 7 raise the important question, 
whether bilge suctions in holds should be fitted 
with non-return valves on the hold side of the 
bulkhead, which requirement was introduced by 
the Ministry of Transport during the last war as 
an aid to safety should the adjacent compartment 
be flooded. This is of prime value when a ship is 
bilged in a collision or after grounding, but may 
be awkward should a fire start in the hold and 
flooding be therefore limited, for example, to the 
use of hoses through ventilators only. This point 
came up during a recent explosion disaster when 
it was apparently overlooked that the hold con- 
taining the fire could have been flooded, since the 
bilge non-return valve was accessible, being 
located on the inside of the tunnel and not in the 
hold. 

Page 9, item 6. This is perhaps a little ambigu- 
ous since if no electrical fittings or cables may be 
situated in the hold, the question of single-wire 
system, or not, presumably does not arise so far 
as the hold is concerned. I take it this has refer- 
ence to the system outside the hold? 

Carriage of potentially corrosive, inflammable 
or lethal gases under pressure is becoming 
increasingly popular and, at the moment, the 
Society is supervising the manufacture and instal- 
lation of storage tanks for chlorine to be carried 
in a special vessel supplying a neoprene factory in 
Northern Ireland. Here, however, the Society's 
Class I is being insisted upon, having regard to 
the highly lethal character of chlorine. 

Page 10, “Carriage of Wine in Bulk’. I under- 
stand that at Palermo when a petroleum tanker is 
to be prepared for wine, an army of workmen 
descend upon her and after a furious day and 
night cleaning and washing down, suitable deter- 
gents and lime washes are applied to all tanks and 
in three or four days the tanker is ready to load. 


This seems remarkable when one considers how 
little it would take to spoil a really good wine! 
Presumably in the days of riveting such a con- 
version simply would not have been practicable. 

The question of what tanks and pumps should 
be capable of control from deck is important. It 
has been suggested that all oil centrifuges should 
be so controlled, since they nowadays all have 
their own gear-type pumps and could thus help to 
feed any engine room fire. What does Mr. Clayton 
think? 

The question of starting air capacity has been 
raised on several occasions. This is not defined in 
the Rules except by the number of starts (12 when 
reversible and six when non-reversible engines are 
installed). One advantage of the old blast injection 
jobs was the ability to bleed off air at 1,000 
Ib./sq. in. to the starting air receivers. I well 
remember how ccmforting this was on many 
occasions when the pressure gauge needle was 
hovering near the zero mark and with the ship in 
the middle of the Freihafen in Hamburg, for 
example. 

The importance of adequate oil separation in 
compressed air lines should be emphasised, 
especially where the compressor discharge air is 
not after-cooled on its way to the starting 
receivers. Several severe explosions have resulted 
from such omissions. 


Page 32. The Society’s Rules make no differen- 
tiation as between high octane aviation spirit and, 
say, gas oil having a flash point below 150° F. In 
view of the increasing trend towards the carriage 
of highly volatile cargoes, also jet aircraft fuels, 
it makes one wonder if the time may not soon be 
ripe for some closer degree of classification for 
these dangerous cargoes, possibly taking account 
of such factors as Reid vapour pressure as indeed 
certain American Authorities do to-day, including 
the Panama Canal Authorities. A case in point is 
the short vapour pipe in Fig. 29 which would not 
be approved by these Authorities for Grade A 
fuel, for which they also require closed sounding 
devices. 

There was a recent case of a tanker in which 
serious structural distortion occurred in one or 
more wing ballast tanks owing, I believe, to the 
Port Authorities’ insistence on all tank hatches 
being closed during ballasting operations, presum- 
ably to minimise the possibility of gas accumu- 
lating in the tanks. Such tanks are, of course, fitted 
with air pipes, but these alone are quite inadequate 
to cope with the pumping capacity of powerful 
cargo pumps. What are the Author’s views on 
this? Does he feel that there is any real danger 
in allowing ballasting of ballast tanks when the 
hatch is open? 

On page 33, the Author draws attention to 
recent approval of the use of cargo tanks as 
reserve oil fuel bunkers and describes the fool- 
proof change-over devices for the pipe connections 
required in order to ensure that the suctions in 
these tanks cannot be in communication with the 
bunker fuel system and the cargo oil system at 
the same time. This, of course, is a most important 


matter, but it should be borne in mind that this 
does presuppose that the fore-and-aft bulkhead 
between such a tank and, for example, centre 
tanks carrying petroleum spirit is maintained 
intact and it is possibly a little illogical to insist 
on cofferdams elsewhere and yet to allow the 
juxtaposition of tanks in this way. On the other 
hand, the experience of the major oil companies 
seems to indicate little or no trouble does in 
practice arise from such potential leakage. 

On page 39, the Author points out that some 
builders fit levelling pipes between port and star- 
board bilges at the forward end of long holds 
exceeding 110 ft. This may be useful economy in 
that theoretically a single suction is all that is 
required. However, this does not seem so good if 
the ship should develop a heavy list towards the 
side where a suction is not fitted, especially if she 
is trimming well down by the head, and I should 
be glad to have the Author’s views on this point. 

In conclusion, I thought it might be of interest 
to those engaged in the examination of pumping 
plans to include in the discussion a nomogram 
chart (Fig. A) I have designed for rapid calcula- 
tion, or for checking, of bilge suction sizes as 
required by the Rules (my thanks are due to Mr. 
J. F. G. Munro for the meticulous draughtsman- 
ship). All that is necessary is the length, L of the 
ship or hold in feet and the sum (B+D) in feet of 
the beam and depth to bulkhead deck. A rule laid 
across the chart between the appropriate values 
of these quantities will then intersect the centre 
scales of ordinates at the appropriate Rule size of 
bilge suction, d, being the diameter of main bilge 
line and direct bilge suctions in inches, and d, 
those of the branch bilge suctions. The smaller 
diagram (Fig. B) shows the values so determined 
for the example given by the Author in Fig. 3 of 
the paper. Although the saving in time as com- 
pared with the slide rule is not great, nonetheless 
for checking purposes it may possibly have some 
merit. The Author’s comments on this chart would 
be of interest. 


Mr. C. D. SNEDDON 


I think it could be said that to-day the loss of 
life by drowning in British ships is only about a 
tenth of what it was about 100 years ago, despite 
the sevenfold increase in tonnage in service ; and 
to some extent this can be put down to the opera- 
tion of the Classification Rules for Pumping and 
Piping. Though the Rules were of modest extent 
at the turn of the century, the 1912 Bulkhead 
Committee set up by the Board of Trade to review 
the sub-division of passenger and cargo ships com- 
mented favourably to the extent of saying the 
power pumping arrangements resulting from the 
regulations of the Classification Societies and the 
actions of the Board of Trade had been found, in 
passenger ships, to be efficient generally and suffi- 
cient for the purpose intended. 

The paper contains some references to passenger 
ships and, for sub-division purposes, extra require- 
ments beyond Classification rules may be called 
for in this class of ship to avoid extension of 


flooding after damage. As in the instance referred 
to by the Author, provision of non-return valves 
on bilge lines in the hold containing the open end 
is required when any part of the bilge pipes to the 
hold in question is nearer to the ship’s side than 
one-fifth of the midship breadth of the ship, 
measured inboard from the shell at the deepest 
sub-division load line, or when the pipes pass 
through a duct keel. Also, since in most cases a 
double bottom is required in a passenger ship as 
a precaution against flooding after bottom 
damage, any short sounding pipe to the machinery 
space double bottom should be fitted with a self- 
closing weighted lever cock. 

The Author also refers to hold drainage to 
tunnel spaces by Open scuppers; and here a non- 
watertight tunnel forward of the after watertight 
compartmept containing the stern gland would 
require the bulkheads of the other compartments 
to be made intact by fitting watertight doors to 
prevent extension of flooding. 

Despite the object of sub-division to restrict 
flooding as far as possible, extension of flooding 
is sometimes allowed for, as when cross-flooding 
pipes are fitted between wing deep tanks when the 
calculated angle of heel after damage in way 
exceeds 7°. When the cross-flooding to correct the 
list is automatic in operation, it is particularly 
important to have guaranteed air release from 
the tank being counter-flooded, and I agree with 
the Author’s idea of an automatically-opening air 
pipe closing appliance. Care should be taken also 
to see that air pipe connections do not allow pro- 
gressive flooding into other wing tanks in the 
same compartment, either when the ship is heeled 
or after righting. 

The classification rules and the passenger ship 
requirements cover much of the same ground, 
but, as indicated in the few instances given, the 
emphasis in passenger ships is on increased safety, 
each case however having to be separately con- 
sidered for extensions beyond the Society’s rules 
where the Society is concerned in applying the 
Safety Convention regulations. 

The Author is to be congratulated on a lucid 
exposition of the subject of the paper, and, even 
without the additions he was tempted to make, it 
will be a notable addition to the Staff Association 
papers. 


Mr. J. M. BATES 


Although most of the work regarding piping 
arrangements is done in the Engine Plans 
Department, the Freeboard Surveyors take some 
interest in the subject with the dedicated aim of 
closing all openings as permanently as possible. 

On page 8 the hood type of closing appliance 
for air pipes is recommended. This design is 
indeed a good one and it allows the fitting of air 
pipes having the full rule height, sometimes diffi- 
cult to obtain in the case of gooseneck air pipes 
of large diameter fitted in way of bulwarks. There 
is, of course, a wide variety of patent closing 
appliances for air pipes, but the old fashioned 
wood plug is still the most popular. It should 


appeal to the Engineer as a piece of mechanism 
having a minimum of moving parts. It is felt Mr. 
Clayton is optimistic in his assessment of tank air 
pipes fitted with hinged flaps secured by butterfly 
nuts. 

Mention is made on page 4, under the heading 
of “Bilge Suctions” that drainage of compartments 
such as steering gear flats, etc., may be effected 
through hand pumps. The discharges from these 
compartments are usually led overboard and, 
depending on the position of the compartment 
relative to the freeboard deck, an automatic non- 
return valve may be required to be fitted on the 
discharge line. 

The Freeboard Surveyors are also concerned 
with the materials used for the manufacture of 
automatic non-return valves, ship’s side valves, 
storm valves or screw-down, non-return valves 
fitted on sanitary and scupper discharges which 
are led overboard. The use of malleable cast-iron, 
even such special qualities as Meehanite, spher- 
oidal or nodular, is not allowed on British ships 
for valves which are required to be fitted under 
the terms of the Load Line Rules. The use of 
these materials on ships registered in other coun- 
tries depends on the National Statutory Regula- 
tions and each case requires special consideration. 

It is stated on page 6 that drainage from holds 
to tunnel or machinery spaces through a self- 
closing cock is not permissible in view of the 
practice of securing these cocks in the open 
condition with consequent danger of flooding. It 
is noted, however, that this arrangement is per- 
mitted in the case of a stern compartment draining 
to the tunnel well through the after peak. Should 
the self-closing cock be secured in the open 
condition, any leakage from the stern compart- 
ment or failure of the drain pipe within the after 
peak would cause flooding of the tunnel. Mr. 
Clayton’s comments on this point would be appre- 
ciated. 


Mr. J. WORMALD 


Mr. Clayton’s introduction to his paper on 
“Pumping and Piping Arrangements” refers to a 
paper presented 20 years ago by Mr. J. R. 
Beveridge ; an unbound copy of this paper is the 
most thumbed and dog-eared of many kept by the 
writer of this contribution for ready reference, but 
it has been obvious to him of late that times and 
our Rules have changed. Mr. Clayton has done 
for the present generation what Mr. Beveridge did 
for an earlier one and his encyclopedic paper 
must surely be one of the most comprehensive 
presented to the Staff Association. 

The inclusion of so much varied information, 
not dealt with directly in our Rules, under the 
headings of conversions and of miscellaneous 
items as well as that given in the various appen- 
dices will be most valuable to Surveyors every- 
where and it will enable them to clear up innumer- 
able points without reference to Headquarters. 

Under the heading of “Bilge Suctions”, Mr. 
Clayton says that “unless otherwise stated it is 
assumed that the sizes shown on the plan indicate 


the bore of the pipes” and, as the writer has often 
been asked why Section C9 of the Rules for 
Steam Pipe Surveys refers to auxiliary steam pipes 
over 3 in. internal diameter when it is so much 
easier to measure the outside diameter, he would 
like to ask Mr. Clayton whether marine engineer- 
ing circles do not generally agree that the distinc- 
tion between a tube and a pipe is that convention- 
ally the tube is specified by its outside diameter 
and its thickness, whereas the pipe is specified by 
its bore and its thickness. It would appear that 
the Society’s Rules, and Mr. Clayton’s paper, 
adhere to this convention but one gathers from 
Mr. Clayton’s remark that it is not generally 
recognised ; naturally this convention only applies 
to English speakers. 

Mr. Clayton refers disapprovingly to elbow 
sounding pipes on page 5, but he does not refer to 
the fact that they can also give false readings. The 
writer remembers a case where a cargo of frozen 
meat was rejected because it smelt strongly of 
fuel oil. The hold was inspected as soon as 
discharge was complete and no trace of fuel oil 
was found on the hold insulation ; the bilges were 
allegedly “dry”. However, when the bilge plugs 
were lifted at the request of the writer it was 
found that there was 8 to 9 in. of water and fuel 
oil in both bilges. To settle an acrimonious dispute 
between the Master, the Chief Officer and the 
Carpenter, all of whom were Australians, the 
writer suggested sounding the bilges again and, to 
the great relief of at least two of the three, both 
bilges were still apparently “dry”. Investigation 
eventually showed that the bilge sounding pipes, 
in order to avoid passing them wholly through 
the insulation, had been led horizontally through 
the bulkhead and then vertically to the deck 
through the adjacent cofferdam; unfortunately 
the horizontal leg of the elbow was about 12 in. 
above the bilge suction. 

Mr. Clayton’s comments on watertight doors in 
the shaft tunnel of passenger ships (page 6) are 
most interesting ; it is to be hoped that these com- 
ments will not come to the notice of an economy- 
minded shipbuilder and/or shipowner who will 
take them seriously and suggest, if he considers all 
other circumstances are favourable, doing away 
with the tunnel plating, etc., between the water- 
tight bulkheads. 

In a written contribution to a previous paper, 
the writer referred to misunderstandings connected 
with the use of the description “‘general-service” 
pump and he cannot refrain from further com- 
ment on its frequent use in this paper. In the 
earlier days of “pumping arrangements”, this 
description applied to a pump may have been 
adequate but nowadays should we not always 
identify pumps by means of their principal essen- 
tial function(s)? (Instructions to Surveyors, Part 
3b, Section 10a are definite on this point where 
reporting is concerned.) 

The testing of heating coils in place by 
hydraulic pressure, particularly in the case of 
replacements in dirty oil tankers, in the writer's 
opinion, can never be an entirely satisfactory 


operation. Provided the material and workman- 
ship are properly tested in the shop the only defect 
that the hydraulic test in place is likely to reveal 
is a leaky joint. In the writer’s opinion a steam 
test to full working pressure on completion of 
installation is more likely to reveal such a defect 
and, if one or other hydraulic test to twice the 
working pressure can justifiably be dispensed with, 
then it should be the one after installation on 
board. 

Is there any very good reason why the question 
about the condition of “pumps” should still 
remain in Table 2 of the new Report Form 8? 
Misunderstandings would not arise if this question 
were amended to “Hand pumps (if fitted)”. In the 
opinion of the writer, the “Pumping Arrange- 
ment” questions on the new Report Form 9 (Nos. 
32, 33 and 34) are obviously intended to cover all 
non-manual pumping arrangements. 

This paper is bound to provoke lively discussion 
and inspire many written contributions. Mr. 
Clayton has, in presenting his paper, only com- 
pleted a part of his self-imposed task; his 
stupendous efforts deserve heartfelt thanks from 
all of us. 


Mr. J. GUTHRIE 


One must compliment the Author on an 
extremely well-written and most readable paper, 
and one, moreover, which should take its place in 
every Surveyor’s technical library and form the 
basis of all young Surveyors’ experience. 

There is little to criticise in the paper, but I 
would like the Author’s views on the following 
points : — 

Where an oil fuel transfer pump can draw from 
an oily bilge well and discharge overboard, can 
this pump be considered a bilge pump from the 
Classification point of view? 

How is the working pressure for steam heating 
coils in oil fuel tanks determined? Twice the maxi- 
mum working pressure as required by the Rules 
means simply twice boiler pressure, but in high 
pressure installations this is commercially impos- 
sible to achieve. 

Should air pipes from lubricating oil service 
tanks not be fitted with gauze diaphragms, as the 
vapour emanating from hot lubricating oil is 
highly inflammable? Also, should breather pipes 
from reduction gear cases not be treated in similar 
fashion? 

With regard to emergency bilge drainage from 
machinery spaces, the Rules are sometimes diffi- 
cult to implement. The large, horizontal centri- 
fugal pump driven by a slow running steam 
engine, as fitted in most steamers, is designed 
purely for circulating a large volume of water at 
a very low pressure differential, and is essentially 
a drowned suction pump, with no suction lift 
whatever. The only way a pump of this type could 
successfully deal with bilge pumping is for the 
water to be level with the rotor shaft, by which 
time, of course, the boiler furnaces would be sub- 
merged. 


In the case of vessels strengthened for ice 
navigation each sea inlet and discharge valve is to 
be fitted with a steam or air connection for clear- 
ing purposes. Even in light condition, the sea 
injection openings are at least 10 ft. below the 
surface of the water, and no commercial vessel is 
expected to sail through ice 10 ft. thick. When 
following in the wake of an ice-breaker, a ship 
will be floating in open water with broken surface 
ice only, consequently it is difficult to visualise 
an occasion where the ice-clearing connections 
will be needed. In all my experience as a Marine 
Engineer and Surveyor I have never heard of the 
ice-clearing cocks being used and it would be 
interesting to know if the Author could indicate 
the conditions which would require their use. 


Mr. J. W. E. MANSFIELD 


I would like to congratulate Mr. Clayton on his 
very comprehensive paper that will be of great 
value to all Surveyers engaged both on survey 
duties and plan approval. 

It is in fact so comprehensive and well edited 
that I find some difficulty in making constructive 
comments, bearing in mind the remarks made by 
the Author in his conclusions, that with a subject 
offering such a wide scope some limitations to the 
treatment had to be made. 

However, I hope the following comments, 
related to the various sub-headings, will prompt 
some further thoughts, not only by the Author, 
but also by other Surveyors. 


Plans (page 1) 


With regard to the submission of plans it is 
agreed that most firms have their own symbols 
for the various fittings used, but why some should 
be so secretive and not give a key for the symbols 
is difficult to understand. Also on many plans, 
fittings and pipes are numbered and listed separ- 
ately and Surveyors forwarding plans for approval 
should make sure that the relevant lists are also 
enclosed. 


Bilge Suctions in the Machinery Space (page 12) 


Regarding the position of the emergency bilge 
suction I consider it is desirable that this should 
be led from a suitable low level in the engine 
room and not terminate on the tank top as is 
often proposed. Whilst this is a requirement of the 
Rules for the “bilge injections” referred to in Par. 
E 226 it is surprisingly not also requested in Par. 
E227. 

Bilge Pumps (page 12) 

The Author mentions the increasing popularity 
of bilge ejectors and a point worth mentioning 
here is the desirability of having an easy run for 
the high pressure water pipes with the minimum 
of bends and restrictions in order to maintain a 
reasonable efficiency. Such arrangements appear 
to become difficult to obtain where the trend is 
for an ever-increasing amount of pipe work to be 
cramped into the machinery space. It would 
appear also that the total volume and weight of 


pipe work required with an ejector system com- 
pared with a normal pumping arrangement is 
considerably greater. However, it is appreciated 
that this type of system has special advantages for 
particular applications, i.e., in cattle ships, but it 
is doubted whether it would be an economic 
proposition in ordinary ships. 

Regarding the capacity of bilge pumps it is 
often found that where the pumps perform other 
duties, the output at high head is stated on the 
plan. Depending on the type of pump and its 
characteristics the capacity at the low head 
expected for bilge service may be considerably 
higher and the shipbuilders should be encouraged 
to give this information on the plans. 

Having regard to the known difficulty of main- 
taining certain self-priming centrifugal _ bilge 
pumps in an efficient condition over a period in 
service J think it would be advantageous to stipu- 
late that one of the Rule bilge pumps be of the 
piston type, alternatively, recognition should be 
made of the fact that priming of the pumps from 
the sea has to be reserted to in practice. 

The Author’s description of the central priming 
system prompts the question, is it not necessary 
for the control valve of such a system to auto- 
matically connect the pump suction to the vacuum 
vessel, operated perhaps by a pressure control 
switch in the discharge from the pump, in order 
that it may be considered self-priming to the same 
extent as a piston pump? 


Oil Fuel Transfer System (page 16) 


With regard to the cock chests referred to in 
the connections to the oil fuel/water ballast tanks 
these devices are much used on the Continent and 
considerable effort has been made in design to 
overcome the tendencies of large plugs to jam, by 
incorporating an easing device which slightly lifts 
the plug before turning and also a locking device 
to prevent inadvertent misuse. A sketch showing 
some details of such a cock chest is given in Fig. C. 


Sounding Arrangements for Daily Service and 
Settling Tanks (page 20) 

I cannot support the Author’s enthusiasm for 
float indicating gear—which always suggests to me 
the work of Heath Robinson. One point which is 
often overlooked and which could affect the safety 
of operation is the fact that in most types of 
simple float gear, when the tank is full, and the 
float at its uppermost position, the indicating 
pointer is at the bottom end of the contents scale 
(i.e. the contents scale is graduated from zero at 
the top to full at the bottom). This could provide 
a hazard in that newly-joined engine room 
personnel not completely familiar with the 
arrangements might be deceived by their first 
impression that the tank is empty when the indi- 
cator is at the bottom of the scale. In fact, cases 
have been known where the junior engineer 
dealing with the transfer of oil to a settling tank 
has speeded up the pump in the hope that the 
indicating pointer would rise from its low position! 

If such float gear is employed, a very desirable 
refinement is to arrange for the float to seal off 


the wire opening when in the uppermost position. 
Fig. D indicates this detail. 


Emergency Lubricating Oil Supply in Turbine 
Ships (page 28) 

A point worth bearing in mind with the alter- 
native method of supply by stand-by pump, 
deriving its power from a different source from 
that of the working pump, is that as the pumps 
are usually arranged in parallel it would be 
necessary in the event of a failure of the motive 
power of the working pump, to prevent the stand- 
by pump discharging back through the other pump 
to the suction. This may happen with some of 
the various types of rotary pumps commonly 
used and is easily prevented by provision of non- 
return valves on the discharge side of the pumps. 


Compressed Air Systems Starting from Cold 
(page 28) 

The Rules permit the use of a hand compressor 
for providing air for the initial start on small 
installations. Too often these are proposed in 
association with quite sizeable receivers and then 
I think become practically useless in that the time 
required to charge the receiver becomes a matter 
of some hours—almost days. For this reason the 
hand compressors should be limited to use with 
smail receivers (about 30 to 50 Itrs. capacity) and 
in association with engines up to about 100 H.P. 
The most desirable arrangement of course is to 
have a hand-starting diesel engine driving the 
emergency compressor. However, some difficulty 
is usually experienced in hand-starting an engine 
over about 50 H.P. 


Gas-Freeing of Cargo Tanks (page 33) 


An unusual method of gas-freeing that has 
been used is one employing the cargo lines and 
involves a small steam turbine-driven blower 
arranged in the upper part of the main pump 
room trunk, drawing air from deck through a cowl 
vent and discharging through isolating valves, 
with provision for blank flanging, into one of the 
main cargo lines to and from deck. The air is 
discharged through the cargo tank suction lines 
and enters the tank low down, where gas may be 
expected to accumulate, thereby giving effective 
gas-freeing of the tanks. A further advantage is 
that the pipe lines will also be gas-freed and any 
pockets of oil dispersed. 


Ore Carriers (page 36) 


In the common design of ore carrier having 
triangular section wing tanks under the main deck 
it is quite usual for these tanks to be fitted with 
deck control dropping valves at the shipside to 
allow discharge of the contents of the tanks over- 
board. When the valves are fitted in the tanks 
no difficulty is experienced ; however, some owners 
require the dropping connections to pierce the 
shell low down in order that the contents of 
the tanks are not discharged into lighters, etc., 
that may be alongside and the Author's 
opinion on this practice would be appreciated, 


bearing in mind the difficulty of surveying 
internally a dropping pipe of shell scantlings 
attached directly to tank and shell.  Alter- 
natively the difficulty arises of controlling a 
ship’s side valve in the hold at the shell when 
the operating gear has to pass through the 
upper wing tanks with attendant risks of 
leakage from the valve and tank watertight 
fittings. It is appreciated that it is best to 
position such dropping connections inside another 
ballast tank, but this is not always practicable, in 
which case to afford some protection of the pipe 
from mechanical damage in the hold, also via 
external damage to the shell plating, it would be 
desirable to position the dropping pipes as close 
as possible to the transverse bulkheads. 

In conclusion I would like to thank Mr. Clayton 
for producing such a useful paper and I am con- 
vinced that the knowledge of the paper’s great 
value to his colleagues will reassure the Author 
that the effort involved in its preparation was 
really worth while. 


Mr. W. A. COOK 


In congratulating Mr. Clayton on his remark- 
able paper which to me is both interesting and 
instructive, I feel sure that colleagues on both 
sides of the house and especially those in the 
“field” will place this paper alongside the many 
valuable papers which we have had presented to 
us by the Staff Association. 

I sincerely trust that this paper will not remain 
for private circulation amongst the Staff only but 
will be made readily available to the design and 
project departments of the shipbuilding industry. 
Surely such information contained in this paper 
would help to reduce the amount of correction 
work by Engine Plans Dept., and so lessen the 
number of “red ink” plans being returned to 
builders, especially in small ports abroad. 

It would be encouraging to find a technical 
publication by a member of the Staff in general 
use in drawing offices and project departments 
of the shipyards throughout the world instead of 
the usual abundance of reading matter, technical 
and otherwise, which is being distributed freely 
by other classification societies. 

I have looked very carefully through this paper 
and would like to make the following comments 
and have Mr. Clayton’s views on these questions 
and suggestions : — 


1. Closing Appliances for Air Pipes (page 8) 


I feel that the time has come when closing 
appliances for air pipes should be so designed and 
approved in order that gauze wire protection 
screens could be omitted, except of course in ships 
carrying a cargo with an F.P. below 150° F. At 
freeboard surveys one seldom finds a gauze cover 
intact, or if it is intact, the gauze is so heavily 
coated with congealed oil or crusted with salt that 
it defeats its purpose and constitutes a danger. 

The closing appliance in Fig. 10 is a good idea 
but I feel that it will be the case of “out of sight, 


out of mind” so far as the gauze screen !s con- 
cerned. 
2. Circulating Water Systems (page 25) 

The connections for an alternative supply of 
cooling water is not often understood by the 
engine room personnel, especially in coasters 
where the arrangement is invariably complicated. 
Builders and owners should be encouraged to 
provide in a suitable and protected place in the 
machinery compartment, a diagrammatic plan of 
the pumping and cooling water arrangements. 


3. Rubber Expansion Pieces (page 27) 


I consider that the use of these fittings 
(especially for deep-sea traders) should not be 
encouraged for use in the cooling water inlet and 
discharge lines notwithstanding the professed high 
degree of reliability. If used, at least one spare 
of each dimension should be carried on board and 
it should be made a condition that the fitting is at 
all times visible to the engine room watch keeper. 


4. Starting from Cold Ship (page 28) 


The diesel engine of to-day is very reliable from 
an operational point of view and one seldom hears 
of a diesel engine which fails to start at the first 
or second attempt. The quick-starting devices 
which the Author mentions have a future and I 
feel will eventually be acceptable to the Society 
in lieu of the emergency air compressor. 

I see no reason why arrangements could not be 
made to ensure that an ample supply of cartridges 
or film strip were always available on board and, 
considering the cost, it would not be difficult to 
replace the whole stock, say every two years. The 
gas-producing medium could be stored in e.g. 
the chief engineer’s office, chart room or any other 
suitable place. Report 9 could have in the 
questionnaire: ‘Have the patent quick-starting 
devices been tested and supplies checked?” 

These devices appeal to me even more when 
one considers that a number of shipbuilders only 
install one starting air receiver and there is 
nothing in the Rules to say that more than one 
shall be supplied. 


5. Safety Devices (page 29) 


Whilst the following does not come within the 
scope of this paper, this is perhaps a good oppor- 
tunity to have the Author’s views with regard to 
the fitting of safety or locking plates to the screwed 
covers of inlet and discharge valves for starting 
air tanks and bottles. 

There is no Rule for air receiver valves such as 
we have for oi] fuel valves and cocks for O.F. 
installations (chapter E paragraph 316) and only 
last week when visiting an old-established firm of 
diesel engine builders I noticed whilst passing 
a number of air bottles of about 150 litre capacity 
that the control heads were fitted with four valves 
and all had screwed covers but none were locked. 

To think of the turning force one can put 
behind the hammer head of the hand wheel, which 
is usually fitted to this type of valve, it is not so 


difficult to start a screwed cover and what a 
serious accident could ensue. 

In conclusion, may I express my thanks to Mr. 
Clayton for his most helpful paper. 


AUTHOR’S REPLY 


i would like to thank those colleagues who have 
contributed to the discussion. 

I do not disguise the fact that it has not been 
easy to answer some of the questions put to me, 
but this probably explains why they have been 
asked. 

One other point is that I have endeavoured to 
keep my replies as short as possible, and I trust 
this will not be taken to indicate any lack of 
interest or effort in dealing with the matter in 
hand. 


To Mr. W. MACMILLAN 


In reply to Mr. Macmillan’s request for my 
views on flooding arrangements for cargo holds, 
in an emergency, [ should say that in addition to 
the methods mentioned, there could also be a 
separate flooding line from the machinery space. 
Comment on the various methods will be easier 
if they are listed as follows : — 


(a) Flooding line from machinery space. 
(b) Ship side valve in hold. 
(c) Flooding through the bilge lines. 


In the case of (a) it would be necessary to have 
separate lines running from the machinery space 
to the holds concerned, either along the ship’s side 
or through the double bottom. In the machinery 
space the lines should be suitably connected to a 
sea inlet pipe or valve and there should be a 
discharge connection from the ballast pump to the 
lines. The essential feature would be the blanking 
of the lines in a suitable position by means of 
spectacle flanges and the provision of a notice 
board in the vicinity of the blanks stating that they 
should not be removed unless it is desired to flood 
the holds on account of fire. 

If method (b) is used there should be two valves 
forming what is usually termed a “double shut- 
off”. The valves should be of gunmetal, with deck 
control, and have indicators at the control posi- 
tion to show whether they are open or closed. In 
addition, arrangements should be provided so that 
the valves can be locked in closed position and 
both valves and gearing should be protected by 
heavy guard plates. 

Method (c) requires no special provision as it 
consists of removing the non-return valve lids 
from the requisite bilge valve(s) in the distribution 
chest(s) and from the bilge main master valve in 
one of the pump suction chests. Flooding is 
accomplished by opening up this suction chest to 
the sea. 

Personally. IT am in entire agreement with Mr. 
Macmillan in his preference for the use of the 
bilge lines. This is the traditional method and has 
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the advantage that flooding facilities are available 
for any of the holds. It would be necessary, of 
course, to ensure that non-return valves are not 
fitted on the open ends of the bilge suctions in the 
holds. 

I should like to assure Mr. Macmillan that we 
have profited by the case he refers to in his second 
point, and a paragraph has now been inserted in 
the Rules requiring lubricating oil arrangements 
to be efficient under specified degrees of list and 
trim. 

The idea of fitting a canvas bag under hold 
bilge suctions when testing same is a new one to 
me. The only drawback I can see is that unless 
the bag was fairly large there would not be much 
indication of the rate of pumping. 


To Mr. C. BEASON 


The reason for recommending an alteration in 
the siting of the fore peak sounding pipe shown in 
Fig. 4 is to avoid having any part of the pipe in 
the hold. The sketch shows the whole of the pipe 
situated forward of the collision bulkhead, and 
there is no objection to the pipe passing through 
the chain locker or other spaces forward of this 
bulkhead. 

As Mr. Beason states, it is permissible to make 
a slight reduction in the size of the connecting 
pipes between the main bilge line and the bilge 
distribution chests. In Fig. 12, however, it is 
preferable that the full size of the bilge main 
should be continued up to these chests which each 
control four bilge suctions. Similarly, the bilge 
main size should be adopted for the forward 
section of the tunnel bilge line which has to cope 
with all bilge drainage aft of the machinery space. 

If two circulating pumps are fitted and only one 
pump is required for normal duty, it would be in 
order to base the size of the bilge injection on the 
size of the suction branch of one pump. I am not 
aware of any difficulties with large bilge injections 
which in some instances have reached a diameter 
of no less than 20 in. Theoretically, a large valve 
should lift as readily as a small one, provided the 
proportions of weight to area are the same in each 
case. 

Proposals to attach the sea inlet valves for the 
main and stand-by cooling water pumps to one 
sea reservoir have been accepted in a few special 
cases when the reservoir has spanned at least two 
frame spaces and there have been two openings in 
the shell. This, however, is not a good arrange- 
ment and it is considered that the sea inlet valves 
should be widely separated, preferably on opposite 
sides of the ship. 

I am not clear what Mr. Beason has in mind in 
his reference to crankcase breather pipes and 
lubricating oil systems. He suggests it would be 
prudent to arrange for the drain pipes from the 
crankcase to the drain tank to have their lower 
ends submerged, but I would point out this is 
required by paragraph H 715 of the Rules and it 
would have been out of place to mention these 
pipes in my remarks on crankcase breather pipes. 


The production of chemical changes by ionic 
migration can be described either as an electrolytic 
or an electro-chemical process. The term “‘electro- 
lytic corrosion” is the one commonly used in con- 
nection with aluminium alloy heating coils in 
cargo oil tanks. 

It is now quite common for the bottom plate of 
separate oil fuel tanks to have a length and 
breadth greater than the tank and for the edges of 
the plate to be turned upwards to form a drip 
tray. There is no objection to this arrangement 
provided the tray is sufficiently large to catch drips 
from the various fittings on the tank. 

In a number of oil-burning trawlers a deep oil- 
tight coaming, 2 or 3 ft. high, is arranged in way 
of the boiler bearers. Oil fuel leakage is, there- 
fore, wholly confined to (a) the space between the 
forward side of this coaming and the after side of 
the bunkers, and (b) the deep cofferdam forward 
of the bunkers. Any leakage into these spaces is 
dealt with by an oily bilge pump provided specially 
for the purpose. The normal bilge system handles 
no oil fuel leakage and, accordingly, no objection 
has been raised to the general service pump being 
used as a bilge pump and a stand-by feed pump. 

A similar arrangement would be acceptable for 
tugs, but so far as I am aware, has never been 
adopted. 

In the case of small vessels having a single hold 
greater than 110 ft. in length, the after bilge 
suction should be the size required by the Rules 
for that hold. It would be in order for the for- 
ward bilge suction to be 2 in. bore, since it is a 
supplementary suction, but in practice it is usually 
made the same size as the after suction. 

If the machinery space of a tanker is divided 
into two full-depth compartments, separated by a 
watertight bulkhead, the bilge main should be 
based on the size of the branch bilge suctions for 
the larger of the two compartments. 


To Mr. R. C. HUTCHINSON 


Mr. Hutchinson’s amusing remarks in connec- 
tion with the overflow pipe from some wine tanks 
reminds me of another occasion when it was pro- 
posed to terminate an overflow pipe in a machin- 
ery space. In this case, the pipe was no less than 
10 in. diameter and was led from a battery of 
deep oil fuel bunkers! 

All this goes to show that life is never dull in 
the Engine Plans Department. 


To Mr. T. D. SHILSTON 


Judging by reports received from various 
sources, the service results of copper and alumin- 
ium alloy tubes used in cargo oil tank heating 
coils are very good. In fact there is every reason 
to believe that heating coils of these materials will 
have a life of many years, even if crude oil and 
water ballast are carried alternately in the tanks. 

Examination of aluminium brass tubes after 
some years of service with various crudes showed 
that the outside surfaces were slightly pitted 
though this was not measurable, whilst the inside 


surfaces were smooth and free from attack. 
Similarly, aluminium alloy coils appear to have 
shown no trace of corrosion or erosion. 

It may be well to repeat that aluminium alloy 
coils must be insulated from the steel structure, 
but this is not necessary with aluminium brass. 
Further, both materials can be used in conjunction 
with cathodic protection without any additional 
precautions being taken. 

To Mr. S. ARCHER 

The idea of omitting the main cargo pipe lines 
in a tanker and sluicing the oil from tank to tank 
so that it eventually reaches the pump suctions in 
the aftermost tank is not new. 

At first sight it may seem an attractive proposi- 
tion, but there is one serious drawback, that is, the 
difficulty of correcting list and trim whilst loading 
and discharging the cargo. 

For the reason just mentioned this method of 
pumping cargo oil has not, so far as IT am aware, 
been adopted on any scale. The nearest approach 
to it is found in a few of the larger ships which 
have some of the main wing tanks arranged solely 
for the carriage of water ballast. Since list can be 
controlled by the amount of water ballast in these 
tanks, it is possible to omit main cargo line 
suctions in the remaining wing tanks which are 
arranged for the carriage of cargo oil and fill or 
empty these tanks via sluicing connections to the 
adjacent centre tanks. 

Mr. Archer is correct in assuming that the 
second sentence of item (6), on page 9, refers to 
the electrical insta!lation outside the hold. 

There are, apparently, quite a number of ships 
equipped with a single wire electrical system in 
which the hull itself is a conductor, and the possi- 
bility of faults involving local arcing is somewhat 
greater in these systems than in those of the all- 
insulated type. For this reason cased petroleum 
should not be carried in a ship having a single 
wire system, as there may be cables in the vicinity 
of, though not actually inside, the hold(s) contain- 
ing this dangerous cargo. 

The question of providing remote control for 
purifier pumps has been raised on other occasions, 
but personally I am not convinced that such con- 
trols are necessary, or desirable, for the following 
reasons. 

These pumps are generally arranged to draw 
from tanks which have outlet valves controlled 
from deck and if these are closed, as they should 
be in case of fire, the pumps will quickly be 
deprived of oil to pump. 

Further, there is in any case a formidable array 
of controls which must be operated in the event of 
fire in the machinery space, and if items are added 
to the list without very good reason there is a 
possibility that the sheer number of controls to be 
operated will defeat the object for which they are 
provided. 

In the case of the tanker which Mr. Archer 
mentions, the damage occurred to a main tank 
permanently arranged for the carriage of water 
ballast. These tanks are not connected to the 
vapour system but have separate air pipes which 


are usually considerably smaller in area than the 
filling connections, as indeed are the vapour lines 
to the cargo tanks. 

Personally, I would like to see air pipes of Rule 
size on the ballast tanks, but owners contend that 
these tanks should be regarded in the same light 
as cargo tanks carrying water ballast and it is 
difficult to refute this argument. 

Until a few years ago the tanks were only par- 
tially filled with water ballast and the risk of 
damage was negligible. Now, however, with 
cathodic protection it is necessary that the tanks 
should be filled, and if the port authorities insist 
on the hatch covers being screwed down during 
filling operations the only safeguard against 
damage is a meticulous watch on the liquid level 
in the tanks. 

My own view is that when permanent ballast 
tanks are being filled the hatches should be open. 

When a levelling pipe is fitted between the side 
bilges on coasters, it is usually placed just aft of 
the collision bulkhead and if a section is drawn 
through this point it will be found that the pipe is 
only 6 or 7 ft. long at the most. Further, if the 
sketch is tilted to represent the vessel with a list 
of five degrees it will be apparent that a bilge 
suction on the high side can maintain the water 
on the opposite side below the level of the tank 
top and it is on this basis that the arrangement 
has been accepted. 

I agree that if the vessel was heavily listed a 
bilge suction on the high side would not be much 
use, but the main object of these forward bilge 
suctions is to enable a long hold to be drained 
when the vessel is down by the head. 

Mr. Archer’s nomogram chart for determining 
bilge suction sizes is ingenious and interesting, but 
I doubt whether its use would save much time as 
compared with the slide rule method which is 
simplicity itself. We shall be very pleased, how- 
ever, to use the chart for checking purposes and 
shall give it a thorough trial in this way. 


To Mr. C. D. SNEDDON 


I am grateful to Mr. Sneddon for referring, 
generally, to passenger ships. His remarks will 
show that the Society is prepared to apply the full 
requirements of the International Safety Conven- 
tion when called upon to do so. 

The paper has, of course, been written solely 
from the Classification angle and whilst a reference 
to passenger ships is made on page 6 this is 
because the arrangement there described is only 
found in that class of ship. 


To Mr. J. M. BATES 


Mr. Bates says he feels I am optimistic in my 
assessment of tank air pipes fitted with hinged 
flaps secured by butterfly nuts and the truth of 
this comment has become increasingly apparent 
since I made my original remarks on the subject. 

It is a fact that in the matter of closing arrange- 
ments for air pipes the Freeboard Regulations and 
the Pumping Rules may be in opposition to each 
other. Freeboard Regulations require some means 
of closing an air pipe to prevent water passing into 


the ship. The Pumping Rules require means of 
escape for liquid that is pumped into tanks. If the 
air pipe is the only means by which liquid can 
escape from a tank and that pipe is positively 
closed when the tank is being pumped up the tank 
will burst. 

It is possible to satisfy both requirements by 
fitting devices which will open automatically under 
pressure and such devices are in general use. 
Hinged flaps, secured by butterfly nuts, should not 
be fitted. 

Turning to the question of self-closing cocks on 
scupper pipes led to the shaft tunnel, it may 
appear inconsistent at first sight to accept such 
cocks on scuppers from some spaces and not 
others. 

If the spaces are large and are situated well 
below the load water line, as in the case of holds, 
the misuse of self-closing cocks could result in 
serious flooding, possibly endangering the ship. 
This is why it is stated on page 6 that self-closing 
cocks are not acceptable. 

On the other hand, stern compartments are 
small in comparison with the holds and are situ- 
ated mainly above the load water line. On these 
grounds the Rules allow self-closing cocks on 
scuppers from such spaces to the tunnel, as the 
consequences of the misuse of the cocks would 
not be so serious. 

If the scuppers mentioned above should pass 
through the aft peak tank it is desirable that the 
pipes should be somewhat thicker than normal 
practice for scupper pipes. In the event, however, 
of the failure of such a pipe coincident with the 
tying open of the self-closing cock at the lower 
end, some of the water in the aft peak could be 
discharged into the tunnel, but it would not 
endanger the ship. 


To Mr. J. WoRMALD 


T am afraid I am unable to say whether or not 
Mr. Wormald’s suggested distinction between a 
tube and a pipe is generally recognised in marine 
engineering circles. There might be some advan- 
tages if it was, but there could also be misunder- 
standings through the loose employment of the 
terms. 

I think it is fair to say that, in general, the 
figures used on pumping diagrams are intended to 
indicate the bore, or nominal bore, of the pipes. 

In the matter of pump nomenclature I agree 
with Mr. Wormald that so far as possible the 
pumps should be designated according to their 
principal function. 

On the other hand, many owners and builders 
definitely intend that one, or even two, of the 
pumps should be able to serve with equal effi- 
ciency on bilge, ballast and fire duty. Precisely 
what to call these pumps is a problem. “General 
Service” appears to be as good a description as 
any other and is certainly in keeping with the 
best tradition. 

The diagram shown in Fig. 37 is typical of the 
pumping arrangements in the machinery space on 
many of the smaller vessels, and just how our 


colleagues, when reporting on such an installation, 
would describe the pumps in terms of their prin- 
cipal function, in order to comply with Instruc- 
tions to Surveyors, Part 3b, Section 10a, I am not 
quite sure. 

Mr. Wormald’s comments on the testing of 
heating coils, based on wide experience in repair 
work, are undoubtedly true in the case of replace- 
ments in existing tankers. I think it is fair to say, 
however, that the necessary degree of inspection 
could be carried out during a hydraulic pressure 
test after installation in a new ship, and this would 
result in substantial savings when compared with 
the cost of similar tests on the pipes in the shop. 
A test on the ship would, of course, be essential 
when aluminium brass tubes are used for the 
heating coils, as most of the joints are silver- 
soldered in situ. 


Regarding the questions in Table 2 of the new 
Report Form 8, there is no doubt that the term 
“Hand pumps (if fitted)” would be an improve- 
ment on “Pumps”, and our colleagues in the Ship 
Reports Department have made a note of this 
point. 


To Mr. J. GUTHRIE 


Mr. Guthrie enquires whether an oil fuel 
transfer pump can be considered as a bilge pump 
and I can assure him that provided the pump is 
of self-priming type the answer is in the affirm- 
ative, both for the main bilge system and the oily 
bilge system. 

In the case of many ships converting to oil 
burning in recent years, it has been found that 
after disconnecting the general service pump from 
the bilge system, on account of its use as a boiler 
feed pump, the bilge pumping capacity was below 
Rule requirements. In order, therefore, to make 
good the deficiency the newly fitted oil fuel 
transfer pump was connected to the main bilge 
line, and whilst it may not have been the intention 
to use the transfer pump on bilge duty under 
normal conditions its capacity would be available 
if required. 

Nowadays it would be advisable in such a case 
for the transfer pump to be able to discharge 
through an oily water separator. 

Heating coils in fuel tanks are generally con- 
nected to a reduced pressure line which is supplied 
with steam through a reducing valve. The 
pressure may be 100 or 150 1b per square inch 
and a relief valve is fitted to prevent the designed 
pressure for the line being exceeded. 

I do not know of any case in which heating 
coils are supplied with high pressure steam, in the 
modern sense, direct from the main boilers. 

IT am afraid I cannot agree with Mr. Guthrie 
when he asserts that the vapour from lubricating 
oil service tanks is highly inflammable, even when 
the oil is hot. No case can be found in the 
Society’s Records, of fire in the engine room of a 
classed ship through the ignition of vapour from 
these tanks, or from gear cases, and this would 
appear to confirm the view that gauze covers on 
the air or breather pipe outlets are unnecessary. 


Mr. Guthrie raises the question of the use- 
fulness or otherwise of ice-clearing connections 
for sea inlet and overboard discharge valves, and 
I must say I found this somewhat difficult to 
answer. I could not think that these connections 
are required by the Rules to no purpose, but as 
I have had no practical experience of ships with 
the ice notation I enlisted the aid of Mr. V. T. 
Bulow, of Stockholm. 

In the course of a most interesting and helpful 
letter, our colleague outlines his experiences with 
the sea inlet valves during the trials of a recently 
constructed cargo ship of about 9000 tons gross, 
This account answers the question so fully that I 
have asked, and obtained, our colleague’s per- 
mission to make the following quotations from 
his remarks: - 


“It is an established fact that when navigating 
in broken ice or pack ice the filters of the sea 
inlet valves become blocked with sludge (mush- 
ice), even if they are bottom inlet valves and 
situated well away from the surface. Significant 
is the trial trip of the m.s. ‘ —’, a recent 
delivery to the —————— Line. 

“On account of the severe ice conditions in the 
Stockholm archipelago it was decided that the 
speed trials should take place on the measured 
mile at the island of Bornholm in the southern 
part of the Baltic and [ attended on board during 
trials and handing over. 

“We left Stockholm on the Ist March and made 
slow progress the first day on account of the ice 
conditions. We proceeded at about half speed 
to avoid ice indents and although the required 
cooling water amount was less than at full engine 
output the engines had to be stopped on 
numerous occasions in order to clear the filters 
from sludge. No ice breaker assistance was 
necessary as the fairways consisted of broken 
ice channels. 

“Although the ‘ ’ is not strengthened 
for navigation in ice, she is equipped with com- 
pressed air ice clearing connections to the sea 
valves. The bottom valve was used and was, in 
the ballast condition prevailing, situated about five 
metres (16°4 feet) below the water surface and 
3:5 metres (11°5 feet) from the vessel’s side. 
Nevertheless, at the end of the first day, the filters 
had to be cleared every ten minutes and we finally 
anchored up for the night. 

“The compressed air clearing arrangement was, 
of course, used, but to no avail, — and T even 
suspect that the cold air had an under-freezing 
effect on the sludge causing solidifying of same. 

“Finally, a connection to the donkey boiler was 
fixed which definitely solved the problem, and I 
do not for one moment doubt, that had the vessel 
been strengthened for navigation in ice and con- 
sequently equipped with connections between the 
cooling water overboard discharge lines and sea 
inlets for main and auxiliary engine cooling water 
systems no blocking of the filters would have 
taken place. The fresh water cooling system of 
the ‘ * is provided with an AKO regulator 
which keeps the cooling water at the desired 


temperature by part of the cooling water cir- 
culating and part being discharged overboard, but 
the discharge cooling water from the auxiliary 
engines, compressors, etc., could, of course, be led 
down to between the sea inlet valve and the 
filter”. 

Our colleague summarises his points as 
follows : — 

“(1) A vessel navigating in solid ice is not 
subject to blocked filters as the ice breaks in solid 
sections. 

“(2) A vessel passing through mush-ice or pack 
ice is exposed to the risk of blocked filters even 
if the sea inlet valves are situated well below the 
surface. This applies to the same extent if the 
vessel follows in the wake of an icebreaker as the 
mush-ice immediately closes in on the vessel’s 
sides. Easily most of the ice navigation occurs 
under the above circumstances and blocking of 
the sea inlet valves is a frequent happening in the 
Baltic. 

“(3) Several sea-going engineers consider that 
compressed air does not assist in clearing the sea 
inlet valves and that this system has a tendency 
to solidify the crushed ice in the filters. 

(4) Steam blowing is considered good and the 
rule requirement (H 810), with a connection 
between the discharge and inlet lines, satisfactory, 
provided this connection is of ample size.” 

I am grateful to Mr. Biilow for clearing the air 
(as well as the sea connections) on this subject. 


To Mr. J. W. E. MANSFIELD 


I am not sure why Mr. Mansfield thinks it 
necessary for the control valves on the vacuum 
line of a central priming system to be auto- 
matically operated. 

The normal procedure is for the requisite valve 
on the pump suction chest and the control valve 
on the vacuum line to be opened, and, after 
flooding has taken place, for the pump to be 
started. This ensures that the pump is not run 
whilst it is dry. 

Should air be entrained during pumping, the 
float-operated priming valve will allow this air to 
pass into the vacuum line, but it will not allow 
water to pass over. This could possibly be 
regarded as equivalent to the automatic control 
which Mr. Mansfield has in mind. 

It might be added that if the vacuum tank is 
situated about 40 feet above the pump, a float- 
operated priming valve becomes unnecessary as 
liquid cannot be lifted under vacuum to this 
height. 

The sketch of easing gear for large cock chests, 
shown in Fig. C, is very interesting and should be 
worth noting by all who may wish to employ 
fittings of this type. 

T must hasten to assure Mr. Mansfield that I 
did not intend to give the impression that I was 
enthusiastic about float-indicating gear and I think 
that, in the main, his criticisms are justified. 

On the other hand, provided the gear is 
properly made and installed it has much to 
commend it from the safety angle, and this is 
important. The problem of having to read the 


14 


indicator upside down can be solved by fitting 
two additional pulleys and a counterweight. 

The sketch in Fig. D shows a good method of 
avoiding leakage at the point where the float wire 
emerges from the tank and also illustrates the 
lengths to which some firms are willing to go to 
make this type of gear reliable and safe. 

In another design the movement of the float is 
used to revolve a pulley on a horizontal shaft and 
at the other end of the shaft, outside the tank, a 
similar pulley imparts a motion which is in 
harmony with the float to an indicating pointer. 
The shaft is, of course, situated above the level of 
the overflow and oil tightness where it emerges 
from the tank is obtained by fitting a suitable 
sealing ring. This variation of the gear has been 
used by a number of continental builders and is 
very commendable. 

The following incident stresses the importance 
of Mr. Mansfield’s remarks on the desirability of 
fitting non-return valves on the discharge connec- 
tions of rotary pumps to the lubricating oil 
system. 

A large diesel engine recently had its main 
bearings wiped when the pressure in the lubri- 
cating oil system fell to a dangerously low level. 
The system was supplied by two screw-displace- 
ment type pumps working in parallel, but for 
some unknown reason one of the pumps had 
stopped. The other pump then discharged back 
through the stalled pump driving it in the reverse 
direction and in consequence the pressure in the 
system was appreciably reduced. Normally, the 
low-pressure alarm would have sounded, but this 
apparently had been switched off and the drop in 
pressure had gone unnoticed. 

In the above instance the pumps have now been 
fitted with non-return valves on the discharge 


branches and it is considered these should be 
fitted in all cases where two rotary type pumps 
work in parallel. 

Where bulk carriers have upper wing ballast 
tanks of triangular section it is my opinion that 
dropping valves, if fitted, should be inside the 
tanks. Short lengths of pipe are allowable 
between the valve outlet on the bottom of the 
tank and the ship side, but long dropping pipes 
should be avoided. The pipes should be of steel 
and have a wall thickness not less than that of 
the shell plating. 

A good arrangement for the overboard dis- 
charge of water ballast carried in this type of tank 
is shown in Fig. E. 


To Mr. W. A. Cook 


Mr. Cook’s remarks on the condition of gauze 
covers at freeboard surveys fully confirm my own 
views on this subject. It is to be hoped that 
the time will come when the obvious disadvant- 
ages of these fittings will be generally recognised 
and lead to the adoption of a safety device of a 
more practical nature. 

There is no doubt that starting methods 
employing cartridges or film have a sphere of 
usefulness. On the other hand it must be 
remembered that the idea behind the Rule for 
initial starting is that, when necessary, the 
machinery can be set in motion without external 
aid of any description, and this cannot be done 
if cartridges or film are not available. 

The suggestion that screwed covers on valves in 
compressed air systems should be provided with 
locking arrangements is a good one and worthy of 
consideration when amendments are made to the 
Rules. 
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Some Impressions of Higher 
Technological Education and 


of Industry in Russia 


By Dr. I. G. Slater 


These impressions are first-hand ones and natur- 
ally are limited in many ways, not the least by my 
own personal views, but also by the duration and 
scope of a tour which I made in the U.S.S.R. with 
a small delegation from the College of Advanced 
Technology, Birmingham, in late 1957. Perhaps 
my impressions have mellowed a bit in the suc- 
ceeding months consequent on a deeper reading of 
this subject generally. A mere peep at Russians in 
their own land, at work or at play, awake or 
asleep, is a stimulating experience and readily 
prompts further enquiry and study. 

This tour included visits to establishments con- 
cerned with higher technological education and to 
a number of factories in Moscow, Sverdlovsk 
(Urals) and Dnepropetrovsk (Ukraine). Our hosts 
were the Mendeleev Technological Institute and 
the Ministry of Higher Education (both in 
Moscow) and their enthusiasm in arranging details 
of the tour with all its incidentals of Russian hos- 
pitality was really outstanding. In this manner we 
were able to gain some most worthwhile impres- 
sions of the magnitude and calibre of teaching and 


training under the Russian scheme and to collect 
a mass of data on details of educational plans and 
courses. Impressions of the works visited are less 
comprehensive but may present an_ interesting 
story. Needless to say the everyday affairs of the 
average Russian were not neglected in our search 
for enlightenment, but this is rather another story 
outside the scope of my present lecture. 

A few statistics are desirable at the outset, if 
only to emphasise the magnitude of the Russian 
effort. Of the 220 million population, some 40 
million are undergoing some form of education 
and of these, two million are at institutes of higher 
education. The latter include 33 Universities, 27 
Polytechnics, 32 Mechanical Engineering and 
Allied Institutes, 26 Metallurgical, Mining, Geo- 
logical, Petroleum and Allied Institutes, together 
with Institutes concerned with other applied 
sciences in the field of chemistry, physics, electrical 
engineering, foods, building, transport and a host 
of other specialities amounting in total to over 
200. Other Institutes concerned with agriculture, 
forestry, economics, medicine, physical culture, 
teaching, etc., bring the list up to over 700. It is 
to be emphasised that these Institutes deal essen- 
tially with undergraduate and post-graduate teach- 
ing and research with a student population ranging 
in age from 18 to 28 or so. 

Compulsory education starts at the age of seven 
and continues until the age of 14, and thereafter 
for selected students, to the age of 17. These are 
known as the “7” and “10” year schools and an 
avowed objective apparently is to increase con- 
tinuously the numbers permitted to remain to the 
age of 17. The curriculum laid down for this 
primary and secondary education is reasonably 
well standardised and, whilst details vary from 
centre to centre to some extent, those contained in 
Table I will give a fair idea of the content. It 
should be noted that there is no significant effort 
to afford specialisation in the more advanced years 
and that the number of hours per week is rather 
greater than ours of the western world. 
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The diagram (Fig. 1) is a simplified version of 
the Soviet educational ladder and sets out the 
opportunities available to the older student. Time 
only permitted a study of the higher education 
establishments but it is understood that over half 
a million students enter the labour reserve schools 
each year and a similar number enter establish- 
ments for semi-professional education. 


FIG. 1 


Higher education starts in the post-seventeenth 
year and competition for a place in one or another 
of the Institutions is truly formidable. Thus, at 
Moscow University for example, there have been 
on occasion, more than ten applicants for each 
place; other Institutions may be rather less 
popular but without exception applications are 
several times the number of vacancies. After all, 


SOVIET EDUCATIONAL’ LADDER 


British Age 


Russian 


30 
29 
28 
D.Sc. 27 
26 
Ph.D. 25 


M.Sc. 24 


B.Sc. 22 


Doktor 


Kandidate 


Aspirant 


HIGHER EDUCATION 


5-6 YEARS 


33 UNIVERSITIES 
Student 
725 MINISTRY 
INSTITUTES 


SEMI-PROFESSIONAL 


G.C.E. (A) 18 


17 - 


LABOUR RESERVE 


G.C.E. (O) 16 SCHOOLS 


15 2 Years (S.S.) 


P 7 YEAR SCHOOL 


ae 


3-5 YEARS 


EDUCATION 


Entry Exam. 
> for H.E.E. 


Kindergartens, Creches, etc. 


the Russian student is made well aware, from his 
or her earliest age, that the path to success is 
closely associated with academic progress and 
there is no doubt as to the serious way in which 
youth bends to the task. This way of life and 
mental approach to future responsibilities is 
indeed a most notable feature of the Russian 
scene. On reaching 17 years of age, the 2 per cent 
or so of the brightest students are awarded a gold 
medal with their certificate of maturity and these 
selected few may enter the higher institution with- 
out further examination. The next 2 or 3 per cent, 
in order of merit, get a silver medal and are 
required to sit an examination in perhaps one 
subject only, such as mathematics. 


Less fortunate students, and they are of course 
the majority, sit a comprehensive examination in 
five subjects; for example, at the Mendeleev 
Chemical Technological Institute in Moscow the 
subjects are: mathematics, physics, chemistry, 
Russian language and one foreign language. The 
Russian marking system merits mention in that a 
total of five marks is awarded for each paper. We 
were told at the Mendeleev Institute that the suc- 
cessful students average 22-23 marks total for 
their five papers—surely a truly remarkable feat. 

There is a move to insist on some industrial 
experience between the time the student leaves the 
10 year school and enters the higher institution. 
Thus special concessions may be given to those 


who have done two years in a factory and the 
standard for acceptance, in academic _ per- 
formance, lowered very considerably. Again 
we were told that such candidates might get in 
if they managed to score 15 marks out of a 
possible 25. We did not elucidate fully the reasons 
behind this desire for industrial experience. Un- 
doubtedly, it has certain substantial advantages in 
a technological training but there may be other 
reasons of a more philosophical nature which 
prompt this plan. Technology freely attracts both 
sexes in Russia: thus quite 20 per cent of the 
metallurgists or mechanical engineers are women 
whilst chemistry might yield to 60 per cent. 
Wastage of students during the five or six years of 
the course may amount to 10 to 15 per cent, 
mainly at the end of the first year. 

Turning to the diagram (Fig. 1) it will be noted 
that courses in higher education may last from five 
to six years before the student “graduates”. The 
academic year normally covers the period Ist 
September to Ist July with a break of two weeks 
in January, whilst the working week is a six-day 
one. This certainly means that total hours per 
annum in classroom and laboratory are substan- 
tially in excess of those of the western world and 
the content of the course greater than that 
required for a first degree in England, be it the 
three-year B.Sc. or the four-year Dip. Tech. The 
loading over a typical Russian five-year course is 
shown in the following table: — 


TABLE II 


TIMETABLE = KALININ INSTITUTE 


0000000900000) 
890005 700000 


t+ttt — $+4++ 
Httttttttt 


HHH ttt +t 000000000 
tttt+ttttt 0000000000 


Industrial 
Practice 


Diploma Holidays 


Project 


It is fair to say that the standard of entry to a 
course is somewhat lower than that of this coun- 
try, but it is pertinent to observe that the academic 
standard reached at the end of five years “allot- 
ment of time” as indicated in the above table 
should be well above that of our first degrees. 
There is one markedly significant feature in the 
Russian courses—the specialisation possible in the 
final two years. Thus the first three years in any 
one applied science may be very similar for all 
students, but thereafter a large number of special- 
isations are offered. By way of example in metal- 
lurgy, these number nearly a score and include (to 
quote a few), metallurgy of pig iron, metallurgy of 
steel, electrometallurgy of ferrous alloys, metal- 
lurgical furnaces, foundry production of non- 
ferrous metals and alloys, metallurgy of rare 
metals, powder metallurgy, corrosion and protec- 
tion of metals, etc. Mechanical engineering has 
many more specialisations, and again to quote a 
few: equipment and technology of welding, 
mechanical equipment of ferrous and non-ferrous 
metallurgical plants, peat engineering, agricultural 
engineering, wagon and carriage constructions, 
ship repair, printing machinery, boiler construc- 
tion, turbine construction, locomotive construc- 
tion, horological apparatus, etc. 

In the final year, the student undertakes 
“diploma” work in the form of a quite substantial 
research project. The efforts we saw seemed to be 
of really excellent calibre and the project chosen 
often had a close link with some current industrial 
problem requiring co-operation with local indus- 
try. In many cases, the task involved process 
evaluation and design studies and finally emerged 
in the form of a set of beautifully executed draw- 
ings supplemented with a neatly written report or 
thesis of 100 pages or so. We were proudly shown 
a variety of this work by enthusiastic students 
who obviously were burning much midnight oil in 
its execution to the exclusion of all other possible 
or potential distractions. 

Turning back to the substance of the courses in 
their earlier years, analysis of the timetables 
shows that 36 hours or so are allotted each week 
to lectures and laboratory. A few years ago these 
hours were substantially longer. Of this time, four 
hours in the first two years are occupied with the 
teaching of the basis of Marxism-Leninism, and 
three hours, in the succeeding years, with Political 
Economy. A foreign language occupies two hours 
in the first two years and we understand that 10 
per cent of the students specialise in French, 45 
per cent in German and 45 per cent in English. 

Of the subjects of technological concern, much 
of the first two years appears to be taken up with 
the basic sciences—mathematics, chemistry and 
physics, together with quite a heavy loading of 
descriptive geometry and machine drawing. The 
professional subjects enter the scene in force 
towards the end of the second year and continue 
through the third year, when detailed specialisa- 
tion appears prominently in the syllabus. The 
overall picture is obviously a complex one in view 
of the very many specialities possible but it is 


clear that the Russians thoroughly recognise the 
need for an adequate grounding in the basic 
sciences before tackling the specific technologies. 
Such detailed syllabuses that I have seen indicate 
that the nature of the material to be taught is set 
out systematically and at length with adequate 
references to text books and supplementary 
information. 

Before outlining in more detail the content of 
some typical courses it is useful to note the subject 
list of technologies available to Russian students 
and which is given below:— 


Russia 


Subject List of Technologies 


Geology of and prospecting for deposits of 
useful minerals. 

Exploitation of deposits of useful minerals. 
Energetics (power and heat production). 
Metallurgy. 

Mechanical engineering and instrumentation. 
Construction of electrical machinery and 
apparatus. 

. Radio engineering and communications. 

8. Chemical technology. 

9. Timber engineering. 

10. Technology of foods. 

il. Technology of consumer goods. 

12. Construction. 

13. Geodesy and cartography. 

14. Hydrogeology and meteorology. 

15. Agriculture and forestry. 

16. Transport. 


Anew 


“Specialisations” are available in each of the 
above, as previously mentioned. Thus in metal- 
lurgy there are at least 15 whilst in mechanical 
engineering they number over 50. This is a very 
distinctive feature of the Russian scheme for we 
have nothing like it in this country. I think it 
will be of interest to Members to list some of the 
engineering specialities : — 

1. Technology of mechanical engineering, metal 

cutting tools and instruments. 

2. Machinery and technology of foundry pro- 

duction. 

3. Machinery and technology of pressure treat- 

ment of metals. 
4. Equipment and technology of welding. 

5. Mechanical equipment of ferrous and non- 

ferrous metallurgical plants. 

6. Mining engineering. 

7. Peat engineering. 

8. Machinery and equipment for the oil and gas 

industry. 
9. Agricultural machinery. 
10. Lifting and transporting 
equipment. 

11. Construction and road machinery and equip- 
ment. 

12. Wagon and carriage construction, 

13. Cars and tractors. 

14. Shipbuilding and ship repair. 

15. Printing machinery. 

16. Machinery and equipment for 
production. 


machinery and 


chemical 


17. Machinery and equipment for food produc- 


tion. 
18. Machinery and 
light industries. 


equipment for 


textile and 


19. Machinery and equipment for timber indus- 


try. 
20. Boiler construction. 
21. Turbine construction. 


Steam piston machinery. 
23. Internal combustion engine. 


24. Marine machinery and equipment. 

25. Marine power plant. 

26. Locomotive construction. 

27. Dynamic and strength of machinery. 

28. Hydro turbines and hydraulic machinery. 


29. Refrigeration. 
Optical equipment. 
31. Precision mechanics. 
32. Geodetic apparatus. 
33. Ciné equipment. 


The actual content of the five and a half year 


course on 
merits reproduction and is given below: — 


Content of 5} year Course—Shipbuilding 


and Ship Repair 


Hours per week 
YEARS | & 2 


Marxism-Leninism 4, Foreign Language 


“Shipbuilding and Ship Repair” 


also 


5 


Higher Maths 6, Descriptive Geometry 2, Machine 
and Ship Construction Drawing 2, General Chem- 


istry 2, Physics 3, Theoretical 
Strength of Materials 2, 
Properties of Metals 1, 
YEAR 3 


Political Economy 2, 


Foreign Language 
Theory of Machine 5, Workshop Practice 


Mechanics 4, 
Workshop Practice 3, 
Physical Training 2. 


NN 


Hydrodynamics 3, Electrical Engineering 4, Weld- 


ing of Ships’ Structures 2, 
Structural Mechanics of Ships 5, 
tion 2, Technology of Shipbuilding 2. 


Theory of Ships 5, 
Hull Construc- 


YEAR 4 

Political Economy 2, Foreign Language 2, 
Welding of Ships’ Structures 2, Theory of Ships 5 
Structural Mechanics of Ships 4, Hull Con- 
struction 12, Systems of Ship Construction 4, 
Ship Power Installations 3, Technology of Ship- 
building 5. 
YEAR 5 

Theory of Ships 3, Structural Mechanics of 
Ships 4, General Construction Design of Ships 8, 
Ship Power Installations 2, Electrical Equipment 
for Ships 3, Technology of Shipbuilding 1, Ship- 
building Economics 4, Safety Measures and Fire 
Precautions 3. 


FINAL HALF-YEAR (20 weeks) 

Research Project. 

Additional to full-time students, many of the 
Institutes receive evening and correspondence 
students. Time did not permit an assessment of 
these but it is understood that the courses take a 
rather longer time and that successful students 
receive the same rewards as their full-time col- 
leagues. The correspondence students (who may 
live some distance away—and Russia is a very 
large country) attend each month for a day or 
two for oral instruction and to meet their tutors. 
Numbers involved in these part-time studies are 
probably far less in proportion to those of this 
country where many thousands of our youth tread 
the hard way in part-time day release or evening 
courses. Some indication of numbers is shown in 
Table III below, which also quotes data for 
research students in a number of Institutes visited. 

Post-graduate work may lead, in three years, to 
the higher degree of “Docent” and thereafter in 
another three years to “Doktor” status. Not 
inconsiderable numbers travel this path and they 
are indeed the elite of academic attainment. This 
research work is part and parcel of the teaching 
environment and obviously is of inestimable value 


TABLE III 


STATISTICS RELATING TO CERTAIN INSTITUTES VISITED 


Establishment 


Moscow 

University 

University (Chemistry) 

Mendeleev Chemical Technological 
Institute 

Baumann Engineering Institute 

Metallurgical Institute 

SVERDLOVSK 

The Urals State Polytechnic 

DNEPROPETROVSK 

Chemical Technological Institute 

Metallurgical Institute 


Full-time 


15,000 
1,400 


3,800 


10,000 
4,000 


10,000 


S00 
3,000 


Number of Students 


Evening and Post-graduate | 
Correspondence (Research) 

200 

300 100 

300 

8,000 650 

400 120 

1,800 400 
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in providing the right atmosphere of academic 
well-being and technological drive in these 
establishments. Teaching staff also engage in 
some research work and quite a few independent 
workers from local industry use the facilities 
available. Equipment seemed to be provided on 
a most generous scale and it is understood that 
industry readily provides new equipment, mater- 
ials and encouragement. 


Laboratory facilities merit special note and 
here we found quite substantial differences in 
different Institutes: the University, for example, 
in Moscow being particularly equipped whilst 
some other Institutes had verv mediocre materials 
with which to work. However, we were very 
firmly advised by the Russians that they were 
thoroughly aware of deficiencies and that it was 
only a matter of time to get them corrected. These 
establishments have a very high priority in the 
building programme and there was much visible 
evidence of reconstruction and substantial expan- 
sion. Additional to the more usual laboratory 
apparatus and equipment, some Institutes had a 
fair amount of pilot plant: as, for example, at 
Dnepropetrovsk, where a one-ton steel converter, 
using oxygen, had been installed with substantial 
rolling mills alongside. If criticism can be raised 
it may be that the Russian student spends less 
time in the laboratory than his contemporary 
over here. Possibly the press of sheer number of 
students is the cause of this. Often a team of 
students using any one piece of apparatus would 
be much greater than that which we would con- 
sider desirable. In passing, it should also be men- 
tioned that some Institutes were running a 
“double shift” to cope with student numbers so 
that lecture rooms and laboratories were active 
from early morning until late evening. 


Having disposed, all too briefly, of the organ- 
isation of the system, it will now be interesting to 
comment on the human material involved. 
Firstly, the teacher, for he or she is indeed a vital 
vector in the search for enlightenment and know- 
ledge. Perhaps one of our most profound dis- 
coveries in Russia was the fact that there is just 
no shortage of teachers of the highest calibre. 
The solution to the acute problems so obvious in 
this country has been quickly realised and recti- 
fied by the Russians in the extremely simple (and 
reliable) expedient of according the right pay, 
conditions and status for the job! It is certainly 
a great joy to meet, not only a contented staff but 
also men and women of intellectual quality with 
imagination and drive. These teachers are not in 
any way overloaded by routine work but have 
time for reflection and research. The full-time 
teaching staff is augmented by visiting ‘Profes- 
sors” who are the senior members of one of the 
many Research Institutes associated with the par- 
ticular applied science concerned. Many of the 
“full-time” teaching staff have research interests 
either in their own Institutes or in a nearby 
Research Institute which provide them, not only 
with the personal satisfaction of doing useful 
work but also by way of not unsubstantial finan- 


cial reward. Perhaps in this difficult task of 
“learning”, it might be commented that the 
Russians seem to organise and discipline their 
students far too much and mother them in such a 
way that students do not develop fully the senses 
of discrimination, judgment and outlook which we 
like to think our own students possess. 

Secondly, the student who has been well con- 
ditioned throughout his scholarship to hard work 
with limited discrimination and with the clear 
view that academic success will reap rewards as 
well as fulfilling his or her duties expected by the 
all-powerful state. Limited and casual encounters 
with them prompt the observation that they have 
unlimited capabilities of shunning the cult of 
sparkling personality. Clothes are dull and faces 
show grave preoccupation with routine studies. 
Even among the galaxies of girl students to be 
found in every establishment, there was but little 
outward sign of feminine freedom, frivolity, or 
individuality which bless their sisters in the 
Western World. As previously mentioned, time- 
tables are heavy and patterns of behaviour are 
well disciplined. Two organisations play an 
important part in the management of student life. 
Thus, the “Students’ Trade Union” is primarily 
concerned with welfare, including cultural activi- 
ties, social insurance, supply of meals, living 
conditions and in fact, very many of the respon- 
sibilities and administrative arrangements which, 
in this country, are seen to by the central authori- 
ties of the establishment. The other organisation 
is the “Komsomol” which sets out to take care of 
certain educational functions such as the organ- 
isation of small groups of students, normally from 
the same year of the same department, which 
assay to do everything together in the search for 
culture at the opera, theatre, art gallery, exhibition, 
discussion group, country ramble or similar 
activity. The objective is clear and in brief, the 
student “strengthens the collective” by conformity 
to the precise plans which are made for him. 

Many students come from distant parts and 
even from overseas. It was indeed quite a shock 
to hear a class being lectured at Moscow University 
in the English language and then to note that 
they comprised a group of Egyptians! At this 
University there is hostel accommodation for 
6,000 students with single or double rooms rather 
sparsely furnished and of limited size. At other 
Institutes, the accommodation is even more 
austere and four to six students may be packed 
into a bed sitter with real economy of space. 
More usually, the students in each room are of 
the same year and the same department forming 
a “collective group” where individual differences 
can be ironed out and where mutual assistance 
can be provided to each other’s academic progress 
and uniformity of outlook. 

Students receive grants ranging from about 300 
roubles per month in their first year to about 500 
roubles per month in their final year. Hostel 
accommodation may cost 15 roubles per month 
and meals may swallow up most of the balance 
available to the first-year student, unless, of 


course, he cooks his main meal himself. Post- 
graduate workers may receive about 1,000 roubles 
per month, whilst the senior teaching staff will 
range up to 10,000 roubles per month and perhaps 
even more. By comparison, the average wage in 
a Moscow car factory is about 900 roubles per 
month. Cost of living is difficult to compute for 
whilst the basic necessities of life are reasonably 
cheap, the “trimmings” can soar to astronomical 
levels. 

Research Institutes loom large in the Russian 
scene and claim very many of the best scientists 
and technologists produced by the teaching 
Institutes. Precise figures are hard to come by 
but they number well over 1,000 and are con- 
trolled by the Academy of Sciences, the Union 
Republics Regional Economic Councils or by 
various ministries. Possibly over 100,000 qualified 
workers are engaged in this way. We were 
privileged to see two of these Institutes and there 
was just no doubt as to their calibre and to the 
resources and equipment available. Projects for 
research stem from a number of sources such as 
the economic needs of the industry concerned, long- 
term national planning, and not the least, the staff 
of the Institute. As previously mentioned, the senior 
staff are visiting professors at the local teaching 
institutes, and in the case of technologies 
associated directly with local industry, the staff 
play a vital role in development work associated 
with actual production. In this manner, there is 
a comprehensive and extremely substantial link 
between teaching, research and industry. 

We visited a number of factories and Table IV 
set out on the next page summarises some of the 
more interesting points recorded. 

The standards of technological achievement in 
the various works visited were difficult to assess 
but certain impressions merit comment. Women 
are freely employed on jobs many of which, by 
Western standards, would be an exclusively male 
occupation demanding brawn and endurance to 
noise, heat and dirt. Working conditions are often 
really tough and match up to standards endured 
in this country many years ago and now happily 
left behind. Perhaps the most outstanding feature 
is the very large numbers of graduates employed 
—far greater ratios to those found in this country 
or America. The reasons for this were not made 


clear to us and it is certain that many of them 
were employed in tasks which we assign to 
technicians, draughtsmen and skilled workers. It 
is to be remembered that Russia has expanded 
her economy at an enormous pace and _ the 
“traditional” workers with their locally developed 
skills are few and far between. In this manner, 
the ready availability of trained technologists may 
be a godsend in providing a man for the job, 
almost ready made. Furthermore, pioneering 
work is in the spirit of the time in Russia where 
new industries spring up in more and more 
remote places and again the trained technologist 
will have the versatility and aptitude for the task. 

Russian higher technological education by virtue 
of its very size and calibre must thus command the 
active interest of all of us and stimulate those in 
this country concerned with education and tech- 
nology to re-examine our own endeavours. In 
the light of Russian practices, and avoiding 
problems associated with essential differences in 
our respective social systems, it is reasonable to 
pose a number of questions relating to our own 
educational system. Thus, do we tend to specialise 
far too early in our post-primary education, is 
our higher education to first degree level adequate 
enough, should we specialise very much more at 
the later stages of higher education, what of the 
teaching of foreign languages, should practical 
experience be even more emphasised as a 
constituent part of higher education, is our post- 
graduate work sufficiently realistic, do our teach- 
ing establishments link up in an adequate way 
with research institutes and industry? Finally, 
what of the calibre of our teachers, for in them 
is vested the prime responsibility of all. The 
Russians have solved this vital issue; we certainly 
have not, certainly as far as members are con- 
cerned. 

A significant regret is that our travels did not 
take us to any of the shipbuilding institutes or 
shipyards. This was made all the more poignant 
by the fact that my only contact in Russia with 
the affairs of the sea was a casual encounter with 
a U.S.S.R. Naval Officer in a train between 
Karkov and Moscow on the day after the suc- 
cessful launch of Sputnik II. Needless to say our 
relative technological well-beings showed great 
disparity in our ensuing discussions! 


Product 


Main Production Plant 


Output 


Total Staff 
per cent Women 
Graduate Staff 


Av. Wage range R. per 
month 


Special features 


TABLE IV 


SUMMARY OF FACTORIES VISITED. 


Moskvic Light Car 
Factory, Moscow 


1500 c.c. passenger car 


Stamping, forging, machine 
shops, body shop, 
assembly line 


180 cars per day 


10,000 

35 per cent 

650 

850 to 1200 roubles 


None ; few really modern 
machine tools 


Iron and Steel Works, 
Zaporozhe 


Pig iron; steel plate and 
sheet, tin plate 


5 Blast furnaces, 12 steel 
O.H. furnaces, slabbing 
mill, sheet mill, cold mill 


2 million tons per year 


12,000 
17 per cent 


2,750 


? 


High output furnaces 
Extensive use of oxygen 
Reasonably modern mills 


K. Liebnecht 
Metallurgical Works 
Dnepropetrovsk 


Larger dia. steel pipes, rail 
wagon wheels 


5 steel O.H. furnaces ; 
2 Pilger mills ; forges 


700 tons tubes, 600 tons 
wheels per day 


7,000 


30 per cent 
300 


up to 2,000 roubles 


Highly specialised plant with 
limited product range 

Factory associated with 
extensive housing, shops 
and cultural establishment 
projects 


Uralsmash Factory, 
Sverdlovsk 


Earth moving equipment ; 
rolling mills, kilns and 
heavy machinery generally 

Pattern shop, steel foundry, 
forges, machine shops 


10,000 tons per month 


15,000 

25 per cent 

3,000 

800 to 2,000 roubles 


Wide range of products 
1,000 design staff 
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Gearing 


By L. Teasdale 


Brief History 


The use of the geared steam turbine for 
mercantile marine propulsion commenced about 
1910. In that year Sir Charles Parsons was 
responsible for the replacing of the original triple 
expansion steam reciprocating machinery of the 
s.s. Vespasian with single reduction geared steam 
turbines. 

In spite of the advantages of reduction gearing 
having been proved in service, however, the direct 
drive turbine was still preferred for large vessels 
until 1914, when the Aquitania was probably the 
last ship to be fitted with these large low speed 
turbines, in this case running at 175 r.p.m. 

Steady progress in the use of reduction gears 
was made, although in the early 1920’s double 
reduction gears suffered a temporary set-back due 
to repeated tooth failures. This set-back is now 
generally attributed to gear cutting inaccuracies 
and the use of the non-articulated interleaved or 
nested type of gearing then in vogue. 

Except for a few isolated cases, the use of single 
reduction geared installations was discontinued 
after about 1950 since by then the advantages of 
the high speed turbine suitable for high tempera- 
ture and pressure conditions had been fully 
realised. To allow for this while maintaining low 
propeller revolutions, double reduction gearing 
was necessary. Propeller revolutions have now 
become practically standardised at between 100 
and 120 r.p.m. Fig. 1 shows a typical example of 
a modern double reduction gear. 

Prior to 1946, the Society had no Rules for 
reduction gears. Provided, however, the materials 
of the gears were produced at an approved works 
or, as the case may be, a well-known forge, and 
tested in the presence of the Society’s Surveyors, 
and the gears made and installed on board ship 
under the supervision and to the satisfaction of 
the Surveyors, and during the full-power sea trials 
the gears functioned satisfactorily without pitting, 
without scuffing, tooth fracture or excessive noise, 
then. so far as the gears were concerned, the 
machinery installation could be assigned the class 
notation *%* LMC. 

Plans approval mainly consisted of an examina- 
tion of the design from a practical point of view 
and the calculation of the shaft diameters. 


The loading on these gears was based on either 
the original Parsons rule P=70d for values of d 
(pinion P.C.D.) less than 10 in. or on a modifica- 
tion of this formula designed to compensate for 
the change in the relative radius of curvature of 
the pinion and wheel combination due to their 
relative size. This could be accomplished by 


R 
introducing the factor RG to give the formula 
currently in use in the U.S.A., Le., 


R 
P=K xd x — 
R+1 
where P=load in lb. per inch of overall face 
width without deduction for chamfer- 
ing or tapering of the tooth ends. 
d= pitch circle diameter of the pinion in 
inches. 
R =reduction gear ratio=pinion speed / gear 
wheel speed. 
K=a constant called the K value for a 
specified combination of materials. 


The Society’s 1946 Rules 


This formula was eventually adopted by the 
Society in 1946 in the first Rules for Marine 
Reduction Gears. For the purpose of these Rules 
the following K values were in general to be used. 
Higher K values were accepted subject to special 
consideration. 

For main propelling purposes K=80_ for 
primary and secondary gears, except where, in 
the case of double reduction gears, the secondary 
pinion was solid with the primary wheel, when 
the K value of the secondary gears was to be 
taken as 67. 

For auxiliary electrical generating machinery 
the K values allowed were K=90 at the normal 
full load rating and K=112°5 at the one hour, 
25 per cent overload rating. 

The material for the pinions was to be taken as 
3} per cent nickel alloy steel having a longitudinal 
and transverse tensile strength of not less than 40 
tons/sq. in. The material of the wheel rim was 
to be a 31—35 tons/sq. in. carbon steel. 

Alternative alloys having similar mechanical 
properties but differing in chemical composition 
were considered on their merits, but in the main, 
the majority of gear manufacturers adhered to the 
34 per cent nickel alloy steel pinion. 

This could have been due to the greater mass of 
the larger pinions of the early days being difficult 
to forge homogeneous and heat treat to a uniform 
tensile strength throughout without resorting to a 
low tempering temperature nickel alloy steel. 
Nickel was readily available and avoided the 
risk of temper brittleness associated with the 
chromium steels when used for such large pinions. 

Cast steel gear wheels without separate rims 
were also allowed by the Rules, subject to the 
details of the chemical analysis, heat treatment 
and physical properties being submitted for 
approval. The use of cast steel gear wheels was 
an attractive proposition for the manufacturers of 
the smaller gear sets, but due to a large number 
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of rejects on account of blow holes appearing in 
the finally machined faces of the teeth, most 
manufacturers discovered the use of cast steel 
unproductive. 

Due to a combination of relatively light tooth 
loading and the fact that the change-over to 
double reduction gears was not complete, the 
pinion length over the face width and gap as 
compared with the pitch circle diameter of the 
pinion was, especially for the single reduction 
main propelling units, rather large. This produced 
“spindly” pinions and, for the purpose of limit- 
ing the deflection of the primary pinion to a 
reasonable proportion, estimated at the time in 
the region of 65/1000 in., a ruling was introduced 
whereby a centre bearing was to be provided 
between the right and left-hand helices if the total 
axial length in inches over the gear face and gap 
exceeded d (3:5—:25\/d) where d=pinion P.C.D. 


in inches, 
FG 


Early gear cutting practice produced wide 
variations in the cutting of the teeth at the points 
where the hob commenced and finished cutting 
at the ends of each helix, and was most marked 
in the case of the harder pinion material. For 
this reason, and further to reduce the shock of 
the entering of the teeth into mesh, bearing in 
mind that the pitch errors were much worse than 
they are to-day, it was found necessary to dress 
the pinion teeth for a short distance from each 
end and this led to the Rule: The ends of the 


AI 


AINA 


teeth are to be cut back at an angle of 45—60° 
to the pitch line, and, in the case of pinions for 
main propulsion gears, are to be tapered on each 
flank to an extent of at least 0°03 in. to nothing 
at a distance of $ in. measured parallel to the 
chamfered tooth end. For auxiliary gear pinions 
these dimensions were reduced to 0°02 in. and 
| in. respectively. 

The practice of applying end relief or taper still 
has considerable merit. 

The Rules permitted the use of gear wheels and 
gear cases of welded construction provided these 
parts were suitably stress-relieved on completion 
of the welding. 


The 1957 Rules 

During the period 1950—1953 an_ increasing 
number of turbine reduction gears submitted for 
approval were outside the Rules, and it became 
evident that a revision was called for. The subse- 
quently amended Rules came into force in 
September, 1957, the main revision being the 
adoption of K values for pinion materials of up 
to 70 tons tensile strength, the limit at which it is 
considered through-hardened materials can be 
accurately cut using latest machines and _tech- 
niques, such as E.P. cutting lubricants, 

It is proposed to deal in detail with these Rules 
and current Head Office practice, and their 
application in the approval of gearing plans. 

The Society’s Rules for reduction gears are, in 
general, only applicable to helical gears for main 
propulsion where the transmitted power exceeds 
300 s.h.p.: also for auxiliary drives where the 
transmitted power exceeds 150 s.h.p. 

For powers below the 300 s.h.p. limit particu- 
lars of the main propulsion gears are to be sub- 
mitted with the plans of gearing. These are dealt 
with individually on their merits. 

There are no Rules for reduction gears for 
wood or composite construction yachts or for 
steel yachts, but the plans for the reduction gears, 
reverse gears and clutches must be submitted for 
approval. They are also dealt with on the above 
basis. 


Shaft Horsepower and Revolutions for each 
Pinion 

Machinery installations are approved for a 
single horse power only. In the case of both 
turbine and diesel installations this is the maxi- 
mum shaft horsepower developed by the mach- 
inery in continuous service at sea. 

When dealing with reduction gear loading and 
diameters of straight shafting, no allowance is 
made for the loss of power through fluid or 
similar couplings, clutches or gearing. 

The shafting sizes and gear loading for turbo 
generators are calculated on the maximum con- 
tinuous input s.h.p. which, if not stated, is derived 
from the expression : — 


kW output 
s.h.p.= ——_____ 
*746 x -952 
where the assumed electrical and mechanical 


efficiencies are 95 per cent. 


The maximum continuous kW output is usually 
stated as the normal kW output. No account is 
taken of the 25 per cent overload rating for one 
hour or the 50 per cent overload rating for five 
minutes as required by Chapter M Appendix 3 of 
the Rules. 


Ships having Notation “Strengthened for Naviga- 
tion in Ice” 


Gearing for ships intended for navigation in 
ice, Class | and 2, must be capable of trans- 
mitting an excess torque of 25 per cent for Class 1 
and 15 per cent for Class 2 over and above the 
maximum continuous rating for which the 
installation could be approved for normal service. 


Astern Power 


The astern power normally specified for tankers, 
cargo freighters and passenger ships varies from 
40 to 65 per cent of the normal continuous ahead 
power. 

In the case of the passenger steamers, astern 
turbines are invariably incorporated in both the 
HP and LP turbines, but for the tankers and 
cargo boats only one LP astern turbine may be 
provided. Whilst it may be advisable to examine 
the astern loading on the gears, the loading is 
unlikely to cause concern, since a transient load- 
ing of 75 per cent above Rule loading could be 
accepted on ships in normal merchant service. 

The indirect drive of heavy oil engine reduction 
gears may be accepted under these conditions of 
overloading, provided these gears are not for 
operating continuously at the maximum power in 
the ahead direction. 


Wheel Shafts 


The weight of the main wheel for a large 
turbine reduction gear may be anything up to 
50 tons. This led to the introduction of a Rule that 
the main wheel shaft and adjacent bearings for 
geared steam turbines should be 10 per cent greater 
than the Rule diameter for the intermediate shaft 
when there are two pinions geared to the wheel 
opposite, or nearly opposite, one another; and 
16 per cent greater where there is only one pinion 
geared into the wheel or where there are two 
pinions which are set to subtend an angle at the 
centre of the shaft of less than 120°. 

A type of main wheel shaft which is becoming 
increasingly popular has the thrust collar at the 
forward end of the shaft. The usual diameter of 
the thrust shaft at the collars of 1:1 x Rule 
diameter of intermediate shaft does not apply. 
The stresses imposed on the retaining nut and 
shaft when running astern are very low, but it is 
considered that in no case should the size of the 
shaft at the bottom of the thread be less than 
60 per cent of the Rule diameter of the inter- 
mediate shaft. 

The majority of main wheels for heavy oil 
engine reduction gears are small and light as com- 
pared with the turbine main wheel, and a Rule 
size of 1-1 the intermediate shaft Rule size 


is permitted. Here again, however, another 
abnormality is where the forward wheel shaft 
journal for heavy oil engine reduction gears is 
reduced considerably below the Rule size even 
when the steel factor is taken into account. In 
these cases the shaft is not transmitting torque 
and the shaft size is accepted based on the inter- 
mediate shaft Rule diameter or the case is dealt 
with on merit. 


d= Int Swarr Rué Onn. 


Fic MAIN TURBINE REDUCTION CEAR 
WHEEL SHAFT 


zlnvT2SwarT @ure Dia 


I 


WOE TTA A\NNANW\ 


fh 


LL 


Io 


Joutna 


—— 


Fig § Heavy Otc Enaine Reouction 
Grag 


GEAR DESIGN 
Tooth Form 


As stated in the Rules, the tooth profile in the 
transverse section is to be of involute shape, i.e., 
involute helicoid, and the roots of the teeth are 
to be formed with smooth fillets of radii not less 
than 12 per cent of the normal pitch. 
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For propulsion gears the ends of the pinion 
and wheel teeth are to be cut back from the root 
at an angle of 45° to 60° to the pitch line in all 
cases where the ratio F/d exceeds 1°5, 
where F=total axial length over pinion helices, 

less the gap. 
d=pitch circle diameter of pinion. 
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Tip Relief 

The teeth of pinions and wheels are to be 
suitably tip relieved in cases where any of the 
following conditions apply : — 

(i) Normal pitch of teeth exceeds *7854 inch. 
(Normal mm module exceeds 6:35.) 

(ii) Addendum of pinion teeth exceeds 65 per 
cent of the total working depth. 

(iil) Ratio of total working depth of engagement 
to normal pitch of teeth exceeds 0°75. 

All sharp edges left on the tips and ends of 
pinion and wheel teeth after hobbing or finishing 
are to be removed. 

Tip relief is an arbitrary modification to the 
tooth profile whereby a small amount of material 
is removed, and is considered necessary because 
deflection of the teeth under load at any instant 
causes the unloaded teeth to be “out of phase”. 
Consequently, the first contact of a pair of teeth 
must bring them into phase as defined by the 
loaded teeth. If the profiles are geometrically 
correct for unloaded meshing, this initial adjust- 
ment of relative position is liable to cause a 


breakdown in the oil film by overloading, and 
eventually scuffing. 

The maximum tip relief values proposed by the 
British Standard No. 1807: Part 2—Gears for 
Turbines and Similar Drives, is generally con- 
sidered excessive for marine gears. That this view 
is shared by the British Marine Gearing Industry 
is evident from the fact that Pametrada have 
recently issued revised standards for tip relief 
which, in general, are appreciably smaller than 
called for in B.S.S. No. 1807 (Part 2). 
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In cases where tip relief is not required by the 
Rules, no advantage is gained by its application 
unless the K value is greater than that normally 
permitted by the Rules. 

Tip relief may be carried out during the finish 
hobbing using a modified hob, but due to the 
minute quantities involved it is preferable, if the 
gears are shaved, to apply relief during the shaving 
process. 

The meaning of a few of the expressions and 
basic principles encountered in problems relating 
to reduction gears are given in Appendix I. 


General Requirements of the Rules 

The materials selected for pinions and wheel 

rims are to be compatible. In this respect it is 
usual to employ an alloy steel pinion engaging 
with a carbon steel wheel rim, since certain alloy 
steels, when used for both pinion and wheel rim, 
are liable to scuffing trouble. Provision is to be 
made for a hardness differential between pinion 
teeth and wheel teeth, for which purpose the 
specified minimum tensile strength of the wheel 
rim material is to be not more than 85 per cent 
of that of the pinion. The main reason for a 
differential hardness is simply that there is no 
necessity for the wheel material’ in a turbine 
reduction gear to be more than 85 per cent of 
the strength or hardness of the pinion material 
because ; — 

(a) The pinion makes anything from four to ten 
times the number of contacts that the wheel 
makes. 

(b) The radius of curvature of the wheel teeth is 
very much larger than that of the pinion. 

(c) The root section of the wheel teeth is greater 
than that of the pinion. 


So long as the Rules are based on the tensile 
strength of the pinion teeth alone, then an 
important criterion is the lower ratio of minimum 
tensile strength of the wheel material to that of 
the pinion material. It is not stated in the Rules, 
but it has been found by experience that this 
ratio should not be less than about 75 per cent, 
otherwise tooth fracture or pitting of the wheel 
teeth is liable to occur. A device used to over- 
come this difficulty when approving plans is to 
utilise a minimum pinion tensile strength based 
on the specified minimum tensile strength of the 
wheel material divided by 0:75. This pinion 
tensile strength is then referred to as_ the 
“fictitious” pinion U.T.S. 

It would be much better, of course, if the Rules 
were modified to take into account the tensile 
strength of the wheel teeth and the relative 
number of tooth contacts. 

Normally, pinion materials are to have tensile 
strengths between 40 tons per square inch and 
76 tons per square inch, and wheel rim materials 
tensile strengths between 30 and 66 tons per 
square inch. Pinion and wheel rim materials 
having greater tensile strengths and _ surface- 
hardened or case-hardened materials are given 
special consideration. 


Gear Tooth Loading 


The torque on a pinion or driving gear is given 


HP x 33,000 F 
by: T=————————. from which the proposed 
2x7x RPM 
tangential load P per unit face width may be 
bie p HP x 126,000 | ib ‘ach 
obtained as P=———____— f A 
4xRPM xF in per inch, or 
: tri its P HP x 1°453 x 10°. ” 
in metric units P= - : -m. 
dxRPMxE, igs 


Nore.—lb./in.=Kg./cm. x 5°6 
where the particulars applicable to the pinion or 
driving gear are: — 


HP=maximum developed SHP or BHP input 
to the pinion or driving gear for con- 
tinuous service at sea. 

RPM =revolutions per minute. 
d=pitch circle diameter in inches or mm. 
F=overall face width, less the gap, in inches 
or cms. 

The Society’s Rule for gear tooth loading gives 
the permissible tooth load in pounds per inch of 
face width (or kg/cm) fora _ specified pinion 
diameter, reduction ratio and pinion material and 
takes into account the design of the reduction 
gear. It is presented this way for the convenience 
of the manufacturer. 

For the purpose of plans approval, however, it 
is more convenient to reverse the process and 
calculate the K value the manufacturer proposes 
and compare this with the K value that could be 
permitted by the Rules for the materials proposed 
and the gear arrangement. 

The proposed K value for the gear is given 
by :— 

(a) External gears (b) Internal gears 
Pal) Peek 1) 


=— xX K=— x 
d R d R 


where P=tooth load in Ib. per inch of overall 

face width, less the gap. 

d=pitch circle diameter 
driving gear, in inches. 

pinion or driving gear speed 


of pinion or 


R=gear ratio= 


wheel or driven gear speed. 
The Turbine Gear Rule K Value 


For turbine gears of the through-hardened type 
the Rule K value or loading factor is to be 
derived from the expression : — 

K=C(40+S) but in no case 
Cx 110 
where C is a coefficient having values obtainable 
from Table 1, and S is the specified 
minimum tensile strength of the pinion 
material, in tons per square inch. 


to exceed 


TABLE | 


Service Gear Type 
Propulsion Single reduction 
Auxiliary | Single reduction 

| 
| Double reduction 
| 
Split secondary 
Split primary 
Tandem 
Propulsion Tandem articulated 


Dual tandem 


Dual tandem articulated l 
Tandem semi-articulated 


Dual tandem semi-articulated 


Coefficient C 
1 


ab 

Primary Secondary 
I 0°85 
had 0°95 
0:9 0-85 
0°95 
105 9 
0-95 9 


There are four basic types of turbine double reduction gears as shown in Fig. 9. 
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FIG. 9—Typicar ARRANGEMENTS OF DouBLE REDUCTION GEAR TRAINS 


The split primary and split secondary types of 
gear, known as nested gears, are compact and 
somewhat cheaper to make, but suffer the dis- 
advantage of being difficult to design as articulated 
gears. 

The dual tandem, or locked train type of gear 
as it is commonly called, has two main advan- 
tages, a reduction of the face widths by the 
doubling up of the primary wheels and secondary 
pinions and the elimination of the bending 
deflection on the primary pinions. The design is 
capable of articulation, but is not favoured in this 
country except for use with heavy oil engines, 
possibly due to the difficulty of maintaining even 
tooth contact distribution. 

The tandem gear is now almost universally 
adopted in either of its three forms. 


(1) Non-articulated. 
(2) Semi-articulated. 
(3) Fully-articulated. 


The pitch errors and undulations produced in 
a hobbed gear during manufacture tend to cause 
rapid circumferential and axial oscillations of the 
gears during running. 

The masses of the turbine rotors and the main 
wheel tend to produce in these parts constant 
angular velocity ratio. Consequently, in any gear 
train where the primary wheel is rigidly connected 
to the secondary pinion, the result of the pitch 
errors is to cause additional inertia loads on the 


is located by the main thrust, any undulations 
present in the second reduction would tend to 
make the primary wheel shuttle axially, but the 
mass of the primary wheel tends to prevent this. 
The result is again increased inertia loading. This 
inertia loading may be referred to as dynamic 
loading. 

It is usual for the primary pinions to be con- 
nected to the turbine rotors by means of a flexible 
coupling making the primary pinions freely float- 
ing in the axial direction. 

In a gear where the primary wheels are rigidly 
connected to the secondary pinions, the inertia 
effects due to the undulations are mainly evident 
on the second reduction gears. The second 
reduction gears then having both torsional and 
axial inertia loadings show the greatest distress. 
Such types of gears are called non-articulated and 
the gears are penalised in the loading permitted 
by the Rules, (Table 1). 

By the expression “articulated gear” is meant 
the connecting of the primary and _ secondary 
gears by means of a quill shaft, which will permit 
adequate torsional flexibility and a flexible coup- 
ling such as a fine toothed coupling, which will 
permit adequate axial freedom and so reduce the 
inertia loadings to the minimum. Such gears are 
then termed “fully-articulated”. 

Where the primary and secondary gears are 
connected by a quill shaft or by a flexible coup- 
ling only, then the gears are termed semi- 


teeth. In a similar manner, since the main wheel articulated and for the purpose of determining the 
TABLE 2 
Service Pinions Wheels Ma 
Value 
Case-hardened & Case-hardened & 280 
ground ground S 
Main Case-hardened & Through-hardened to 
- ground 80 t/sq. in. & ground 200 
Propulsion fter hobbi 
Tiruine a, Gee after hobbing 
Gears Case-hardened & Through-hardened to 
(Primary ground 50 t/sq. in. & ground 140 
Gears) after hobbing 
Nitrided ** Through-hardened Rule 
hobbed K 
Case-hardened & Case-hardened & 
450 
ground ground 
Nitrided Nitrided 350 
Auxiliary Case-hardened & Through-hardened to 
Turbine ground or nitrided 80 t/sq. in. & ground 240 
Gears after hobbing 
Through-hardened to 
50 t/sq. in. & ground 160 


after hobbing 


** May be subject to special examination as a condition of class. 


Rule K value, the constant C in Table | is taken 
as the mean of the non-articulated and articulated 
values, i.e., a tandem gear semi-articulated would 
have 

Primary C=1:05 

Secondary C= ‘9 

In the double reduction single helical turbine 
gear it is not convenient to have a flexible coup- 
ling between the primary and secondary gears. 
Where the pinion and wheel have been profile- 
ground on a Maag type of machine, undulations 
should be practically non-existent, and conse- 
quently, where the gears have the quill shaft only, 
they are allowed the constants for a fully 
articulated gear. 

It is possible to provide conical facings at the 
edges of the rims of single helical gears to cancel 
out the end loadings, but this design feature is 
mainly encountered in single reduction auxiliary 
turbine generator sets. 

It will be noted that the calculation for the 
Rule K value is always based on the particulars 
applicable to the pinion. This is because it is 
assumed that the wheel rim will be of a suitable 
material such that the tensile strength is between 
75 and 85 per cent of that of the pinion. If the 
tensile strength of the wheel rim is less than 75 
per cent of the pinion material, then the fictitious 
pinion tensile strength previously mentioned must 
be used for the calculation of the Rule K value. 
“Fictitious” pinion Min. specified wheel tensile 
tensile strength = strength 

0°75 

The fictitious pinion tensile strength may also 
be used for turbine reduction gears where the 
pinion is case-hardened or nitrided and the wheel 
rim is through-hardened, but the Society’s experi- 
ence of case-hardened and surface-hardened 
turbine reduction gears is still rather limited and, 
accordingly, before the Society is committed to a 
definite ruling, further experience is required of 
the performance of these gears. As an interim 


step the K values outlined in Table 2 have been 
adopted. 


The Turbine Gear Hertz Stress 
It is sometimes necessary, when dealing with 
Continental firms, to consider the gear loading in 
terms of the Hertz compressive surface stress. 
The mean Hertz compressive stress (Archer 
1956) is given as: — 


mean f,, han, K xp, _ cos Tb : 
——— x — ons/sq. in. 
Z7.sin vy COS o tine 


where K=proposed K value, 
Pp}, =normal pitch in inches or mm. 
Z=length of path of contact in inches or 
mm. 
Wy, =transverse pressure angle. 
ao, = base helix angle. 
o=helix angle at pitch cylinders. 

The calculation of the length of the path of 
contact Z is rather tedious, so for rapid calcula- 
tion the value Z x sin y, is taken as that applic- 
able to a rack, i.e., the total working depth h. 


K xP, 


h 
tons/sq. in, where h is the total working depth 
in inches or mm. 


Then mean approximate f= 144s, | 


; minimum tensile strength 
In general, the ratio of ; 
i 


should be not less than 2°5 for pinions and 2 for 
wheels. 
For surface- or case-hardened gears, the 


equivalent tensile strength of the surface or case 
should be used. 


The Turbine Gear Pinion Deflection and Tooth 
Strength 


Where the proposed K value exceeds the Rule 
K value given by K=C (40+S), calculations for 
pinion deflection and tooth strength are required 
to be submitted. 

There are no Rules for pinion deflection or 
tooth bending stress, but the following formule 
are in general use for plans approval. 


Pinion Deflection 


The 1946 Rules gave an empirical rule for limit- 
ing the deflection of primary pinions to about 
-65/1000 inch. A centre bearing was to be pro- 
vided between the right- and left-hand helices if 
the total axial length in inches over the gear face 
and gap exceeded d(3°5—-25\/d), where d= 
pinion PCD in inches. This formula still has 
considerable merit but, since it was based on a 
unit loading corresponding to K=80, then, in 
cases where this rule would indicate the necessity 
for a centre bearing, full deflection calculations 
are necessary. 

The formule used for calculating the pinion 
deflection (Archer 1956) are as follows: — 

1. Double helical pinions subject to torsion and 
bending having two bearings and with single 
mesh. 

05. Ptr E ee | 
C 


10° xd 10 Sad 
Double helical pinions subject to torsion only, 
or with negligible bending, having three bear- 
ings with single mesh, or two bearings with 
double mesh at 180°, as in a locked train, first 
reduction gear. 
7= 80x Px F 

LOBE de 
3. Single helical pinions in single mesh 

: LO6ixc PEA 


10° x d? 
where Z=maximum circumferential tooth open- 

ing in tangential plane in inches. 

P=tooth load in lb. per inch. 

F=overall face width, less gap, in inches. 

L=span between inner edges of bearings 
in inches. 

d=pinion PCD, in inches. 


F+ ga 
where the ratio a is less than 0°875, the 


rm 


pinion deflection will be appropriately reduced, 


10 The deflection calculated on these formule 
should not greatly exceed 0°75/1000 inch for 
primary pinions and 1/1000 inch for secondary 
pinions. 


Basic Bending Stress 


The formula for the basic bending stress 
(Archer 1956) at the root of the teeth for a helical 
gear is given by: — 

_P sec o sin W, Cos wy 
4 2h tan y,, 2:6 h? (I-e) 7 
bet Medio eg fi — : 
Pu d Pn sin W n 


fy, 


tons per sq. in. 

where P=tooth load in Ib./inch. 
o=helix angle. 
yy, =transverse pressure angle. 

tan y,=tan wy, sec a. 

y,,=normal pressure angle. 
p, =normal pitch in inches. 
h =working depth of teeth in inches. 


addendum | 
Seat for gear 
h 


e=ratio of under 
consideration. 
d=pitch circle diameter of gear under 
consideration, in inches. 

The “factor of safety” or Q value is the ratio 
of the specified minimum tensile strength of the 
gear under consideration to the basic bending 
stress, i.e., 

UTS min (for pinion or wheel) 


Q f; (for pinion or wheel) 
In general, the Q value should be not less than 
about 


‘@_ APPROXIMATE BASIC BENDING FATIGUE STRESS AT ROOT 
OF TEETH OF HELICAL GEAR |S GINEN BY 


a) I fy = Px jek Tons / a" 
af S55 x Pon, 
a 


h 
Py 


‘ 


VALUES OF C wuere 


10° is* 


HELIX 
GRAPH | 


20° 


17°5 for pinions 

15 for wheel rims shrunk-on 

12 for wheel rims otherwise unstressed, e.g., 
all-welded. 

The formula is not suitable for helix angles 
below about 10°, nor for very narrow-faced gears. 

For case-hardened and nitrided gears a Q value, 
based on the minimum tensile strength of the core 
of not less than ten, is considered satisfactory since 
the case-hardening and nitriding processes produce 
beneficial residual compressive stresses during the 
heat treatment. 

The repeated calculation of the basic bending 
stress is a tedious operation. In order to deter- 
mine whether or not it is worthwhile performing 
the full calculation, an approximate basic bend- 
ing stress can be obtained from the Graph 1. 

The graph has been drawn up on the simplified 


Px 
equation f,;, = ices 


seco sin y;,cosy, 


" ( an ian te) 
1+ 
Da 


appropriate to the rack tooth form and taking the 
standard tooth form h/p, = 636. 

The bending stress as determined by means of 
the graph is correct for all-addendum gears, and 
approximately correct for main wheels. For 
pinions of 10 in. P.C.D. and less the approximated 
bending stress may be 20 per cent too small. For 
small pinions, therefore, and all borderline cases, 
the full calculation should be carried out. 


where C’ 


+] ° 
ANGLE ee i 


BASIC BENDING STRESS, 


The Heavy Oil Engine Gear K Value 


Oil engine reduction gears of the through- 
hardened type are normally to have a K value 
according to the Rule K=C (40-+-S), 

where S is the specified minimum. tensile 
strength of the pinion or driving gear. 

Heavy oil engine gears vary considerably in 
type, but as a general rule, and taking the same 
power to be transmitted, the gears of large size 
are slow-running and single reduction, whilst 
those running at the higher speeds are double 
reduction and smaller in size. The net result is 
that inertia loading of the gears is not so severe 
as in turbine gears. Consequently, and in order 
to avoid confusion, the coefficient C from Table | 
is in all cases taken as 1, except for gears in 
multiple contact when C is taken as 0°9. 

The Rule K value is, however, inclined to be 
over-conservative for the heavy oil engine gears 
except for the large slow-running types having the 
wheel of comparable size to the turbine main 
wheel. 

Small gears or other cases having special 
circumstances, surface-hardened and ground or 
case-hardened and ground gears having a higher 
K value than is permitted by K=C (40+S) 
receive special consideration. 

In general, this special consideration falls into 
the following pattern: — 


(a) Through-hardened gears are considered on 
either 


(1) The B.S.S. No. 436 (1940)—Machine 
cut gears (A. Helical and_ straight 
spur), or 

(2) A modification of this standard. 


(b) Surface-hardened gears are permitted a K 
value about 75 per cent greater than given by 
the ruling for through-hardened gears and 
based on the core strength of the gear. 


(c) Case-hardened gears. With both pinions and 
wheels case-hardened and ground. 
Helical gears K =450 
Spur gears K=270 
(d) Nitrided Gears. With both pinions and 
wheels nitrided. 
Helical gears K=350 
Spur gears K 

In all cases of heavy oil engine reduction gears 
and irrespective of whatever ruling may be 
applied, it is essential to consider the materials of 
both the pinions and wheels from the point of 
view of the permissible K value. 

If, therefore, the pinion only is case-hardened, 
surface-hardened or nitrided and the wheel 
through-hardened, the gears must be considered 
on the basis of the K value which can be 
permitted, based on the minimum specified tensile 
strength proposed for the wheel. 

By surface-hardened gears is meant gears that 
have high carbon content heat treated to provide 
increased hardness at the outer fibres by such 
processes as flame-hardening and_ induction- 


hardening, as opposed to case-hardened gears in 
which the carbon content of the outer fibres only 
is increased by gas or pack carburising and subse- 
quently heat treated to give a surface hardness of 
about 600 B.H.N. and a core strength of 50-70 
tons/sq. in. Case-hardened gears may be tem- 
pered to a lower case hardness and these gears 
would be permitted a K value appropriate to the 
hardness. 

Nitrided gears are treated with the respect 
which their satisfactory service experience 
deserves, and at the moment are placed at an 
intermediate stage between flame-hardened and 
case-hardened gears. 

Normally, the larger type of heavy oil engine 
reduction gear will have pinion and wheel rim 
materials differing in chemical composition and 
heat treatment as for turbine gears, although as a 
general rule, the difference in tensile strength will 
not be more than the 15 per cent stated in the 
Rules. With the smaller type of reduction gear 
no objection is made to the use of materials 
having a smaller difference in tensile strength as 
the reduction gear ratio is reduced. In certain 
cases mating gears are accepted having identical 
chemical composition and heat treatment. 
Materials found satisfactory in this respect are 
the 1 per cent Cr. Mo. and 24 per cent Ni. Cr. 
Mo. alloy steels, the “55 carbon” steel and the 
surface-hardened, nitrided and  case-hardened 
steels. 

In the case of the “55 carbon’ steel, the 
material is only accepted for both pinion and 
wheel when these are nearly identical in size, such 
as the clutch gears in various types of reverse- 
reduction gear boxes and for the tensile strength 
45-50 t/sq. in., and for K values up to 105 for 
gears in single mesh and 95 for gears in double 
mesh. 


The Heavy Oil Engine Gear Pinion Deflection 
and Tooth Strength 


As a general rule, it is not necessary to calculate 
the pinion deflection for heavy oil engine gears, 
in view of their large diameter/face width ratios. 


Basic Bending Stress 


The formula used for calculating the basic 
bending stress for heavy oil engine reduction gears 
is that given for the turbine gear. Where the 
helix angle is less than 10° or the face width is 
narrow, a modified Lewis formula introduced by 
Buckingham is used. (See Buckingham’s “Manual 
of Gear Design” Section III.) 

P 1:33 
f =—- x ———— lb./sq. in. 


Where y is a constant depending on the pressure 
angle and the number of teeth in the spur or in 
the case of a helical gear, the “virtual”? number of 
teeth Nv in the equivalent spur gear. 

Nv=N sec® o 


for the 20° involute gear, y has the values given 
by Graph 2. 


il 


The Society has no published requirements for 


2s backlash for reduction gears, but particulars of 

a4 the minimum backlash are to be submitted with 
the plans for consideration. 

oy +.) NUMBER OF TEETH IN) The minimum backlash recommended by the 


P 22 VIRTUAL SPUR NueNeete British Standard 1807 Part 1: 1952 Gears for 
ul 21 turbines and similiar drives Part 1: Accuracy, is 
= 2 Lens f p derived from the expression : — 
: \ = 
aie 6 ‘ORY Cos oO Cxy 
Backlash = “++ -005 inches. 


40,000 
isaeas where C=centre distance in inches. 


20 304050 60% Nv oo leo wo \e0 y,,=normal pressure angle. 
GRAPH 2 VALUES OF Y FOR Yn=20° 


The amount of backlash given by this formula 
is, however, generally considered to be excessive 
and in order to form a basis for discussion with 
engine builders, the following modified formule 
have been proposed : — 


The value of the basic bending stress derived 
from this formula should not exceed 1/5th of the 
tensile strength of the material. 


TABLE 3 


Backlash in any pair of gears 


English Units of 


Gear Type Metric Units 
ees Inch mm 
1000 ; 
Turbine Gears Cxy Cxy 
n 3 n ‘07 
(a) Hobbed ae pa ie 
, Cx Cxy 
(b) Ground n +3 2 ‘07 
80 80,000 . 4 
Heavy Oil Engine Gears 
Cxy Cxy 
n + 3 n a -O75 
Hobbed or Ground 100 100,000 t 


Backlash 


The normal backlash is the minimum distance 
between the non-working flanks of a pair of gears 
when the working flanks are in contact. 

The value of backlash proposed must accom- 
modate malalignment, tooth thickness variation, 
pitch variation, helix angle variations and errors 
of tooth profile, together with any eccentricity of 
mounting of the gears on its shaft, not to mention 
its primary function of allowing for differential 
expansion between gear case and _ rotating 
elements with the additional hazards consequent 
upon gear case distortion under load and strain- 
ing action of the ship’s hull in a seaway and it is 
highly desirable that the amount of backlash 
provided should err, if anything, on the generous 
side. 

In some cases of reduction gears for use with 
heavy oil engines, the backlash is reduced to 
minimum proportions in order to reduce gear 
hammer induced by the adverse torsional vibra- 
tion characteristic of badly designed engine and 
coupling arrangements. 


Where C=centre distance of the pair of gears 
in inches or mm. 
y,, =normal pressure angle in degrees. 


These formulz are based on the B.S.S. No. 1807 
formula and are to be interpreted as being the 
minimum backlash after final bedding of the gears 
and in no-clearance bearings. 

For the heavy oil engine reduction gear type 
previously mentioned the backlash normally pro- 

re ; CO is ee dees 
posed is in the region of 150,000 +-05 millimetres 
C x Vn 


4+ o ie “he 
150.000 002 inches 


or 


General Remarks regarding the K Value 


Theoretically, it would be possible to base the 
maximum permissible K value on the (tensile 
strength)? but, due to the inaccuracies in gear 
cutting, inertia loads and malalignment, etc., it 
has been found that this would allow too high a 
loading for the harder gears. 


For heavy oil engine gears transmitting less 
than 300 s.h.p., with gear loading in excess of 
that permitted by the Society’s Rules, which are 
primarily intended for turbine reduction gears, 
the Society has, in the main, been guided by such 
codes as B.S.S. No. 436 (1940) for machine cut 
gears A. Helical and straight spur. 

B.S.S. No. 436 is not applicable to turbine gears 
for marine use, but is primarily intended for 
industrial gears having 12-hour rating and an 
expected life assumed to be 26,000 hours run- 
ning. This is approximately 1/6th of the expected 
machinery life for normal marine service which 
is, of course, taken as a 24-hour rating. 

Now the greatest drawback to the B.S.S. No. 
436 is that it is muddlesome and does not readily 
lend itself to discussion as compared with the K 
value basis which governs the conditions of load- 
ing and, in effect, reduces gear problems to a 


. PINION 


rreretes fw 


Q 


Grape 3 


question of materials and their permissible surface 
stresses in a manner more easily compared with 
experience already gained. 

In order to compare the unit loading permitted 
by the Society with that permitted by the B.S.S. 
No. 436, 320 hypothetical examples forming a 
series were calculated on the B.S.S. No. 436 for 
the 24-hour rating condition, assuming a 40-ton 
tensile nickel steel pinion of 20° normal pressure 
angle, standard involute tooth form and 30° helix 
angle. These examples were worked out for load- 
ing for wear, the appropriate formula being 

X.ZS.,. 
pas 
K 

The wheels were considered to have a tensile 
strength of 35 tons per square inch. 

_The series of hypothetical gears consisted of 
pinions of 20, 40, 60, 80 and 100 teeth meshing 
with wheels at reduction ratios of 1:1, 2:1, 3:1 


and 4:1. The pitch of the teeth was taken as 


4 5 So 7 
*X* 1000 FEET PER MINUTE. 


\ 2 3 
PITCH LINE VELOCITY 
K VALUES DERIVED FROM 85.436 


3D.P., 4D.P., 5D.P. and 6D.P. with pinion speeds 
of 250, 500, 1,000 and 2,000 r.p.m. for each 
combination. 
The Lloyd’s K values were then calculated 
P(R--1)} 


according to K= 7 Rr as indicated in the 
C 


example given in Appendix 2. 

The K values for the 40-ton pinions were then 
plotted against pitch line velocity as shown in 
Graph 3. The considerable spread of the plotted 
K. values caused a temporary set-back until it was 
realised that the general pattern followed the Sth 
root of the pitch line velocity. The relationship 

430 d P 
oa was then established as a fairly repre- 
sentative mean curve. 

An examination of the calculated K values of 
the wheels compared with those of the pinions 


40 Tons |Somch TENSILE 


Bo® HeLIK AtcLE 


- MEAN Curve 
- ABO 


under varying conditions revealed that for equal 
K value on the pinion and wheel the ratio 


wheel S,, 
pinion S,. 
shown in Graph 4, where R is the reduction ratio. 


approximated to the curve R-°* as 


Inspection of the values of the permissible 
surface “stress” factor S, for the various materials 
in the through-hardened, surface-hardened and 
case-hardened conditions revealed that for:— 


(a) through-hardened materials S, is approxi- 
mately proportional to S!1°. 


(b) surface-hardened materials S, is approxi- 
mately proportional to $'1° x 1°727. 

(c) case-hardened materials S, is approximately 
proportional to *\/S x 4°76, 


where S is the tensile strength or core strength of 
the material, as appropriate. 
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WHEEL SPEED 
Grari4 ‘THe WHEEL SURFACE STRESS’ RATIO 


PINION 
At helical angles below 30° the loading for 
*75 
wear on the B.S.S. 436 is proportional to 
COS" o 


and for gears in multiple contact the speed factor 
Xc is modified by a ratio given by the number of 


contacts. In effect, this can be achieved by a 
x JU 

factor —where U is to the total number of 
12 


hours running, remembering that the B.S.S. 436 is 
based on 12-hour rating. 

Since the Graph 3 is for a 40-ton through- 
hardened pinion material, then the K_ value 
for a gear of higher tensile would be given by 


430 S y1.15, Sis 
K=yo2 x (i) le, K=yo. xS* 
180 


@ 
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Thus a combination of the desirable features of 
the B.S.S. 436 and the Society’s previous experi- 
ence would permit the following K values to be 
adopted. 

(a) Helical gears 
6°15 ; 
Through-hardened gears K=—— x $!.15 


“hed ey: 
Surface-hardened gears K = = =O utt ao L733 


: 603° ; 
Case-hardened gears K=—— Ts Js 


(b) Spur Gears 
K=60 per cent of the equivalent helical 

gear K value. 

(c) The maximum K value is the least of the 
pinion or driving gear K value and R°2 x 
the wheel or driven gear K value, 

Gears to be considered in pairs. 

(d) Gears in multiple contact allowed 90 per cent 
of the K value as given above. 

where V=pitch line velocity in ft/min. 

S =tensile strength of gear or, in the case 
of case-hardened gears, the core 
strength in tons/sq. in. 


d driving gear speed 
R=reduction ratio= 


driven gear speed. 
Graph 5 shows a comparison of the permissible 
K values for a helical pinion in single mesh as 
given by this modified form of B.S.S. 436 


6°15 
K= - xX Ss) 15) 
and the K value as given by the Society’s Rule 
K =1 (40+S) for the varying tensile strength of 
a through-hardened material. 


Mourien BS436 LK= os * Ss] 


Luoros K = 1140+9] 


Ta} 2 is \G 


a 
«1000 FEET PER MN. 


GraPHS K VALUES FOR THROUGH -HARDENED GEARS [Palins] 
MODIFIED BS.43G 


Graph 6 indicates the K values for case- 


hardened helical gears on this modified 436. 
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An example of a typical heavy oil engine 
reverse-reduction gear calculated on this modified 
B.S.S. No. 436 is given in Appendix 3. Under 
normal circumstances the loading on the gears 
used in the astern direction only is not considered. 


Epicyclic Gears 

The epicyclic reduction gear is not new in 
concept but has received stimulus from the com- 
paratively recent introduction of the high speed 
steam and gas turbines coupled with improve- 
ments in the actual design and production of the 
gear. 


The improvements in design are generally 
credited to Stoeckicht who introduced the system 
of floating the sun-pinion and annulus about a 
series of planet gears in fixed orbit but permitting 
axial freedom with a view to ensuring that load 
sharing takes place not only among the planet 
wheels, but also between each helix of the double 
helical gear type. He also introduced the idea of 
designing the annulus for a_ predetermined 
deflection under load, in order to facilitate load- 
sharing. 

The advantages of the double-helical design are, 
of course, the elimination of the noise of the spur 
gear and the awkward end load and slewing of 
the planet wheels of the single helical gear. 

The planet wheels have ground and honed 
bores which run on white-metalled steel spindles. 
Besides being an advantage in manufacture, this 
maintains the load on the white metal in one 
constant direction instead of subjecting it to a 
virtual rotating fatigue load, which would be the 
case if the spindle were plain steel and the planet 
wheel bushed. Precautions are taken to see that 
any sludge in the lubricating oil fed to the inside 
of each spindle is retained inside the spindle and 
kept from passing out into the planet wheel bear- 
ing surfaces, and arrangements are made to allow 
the insides of the spindles to be cleaned during 
periodical inspection of the complete gear unit. 

The sun wheels and planet wheels are usually 
case-hardened and ground or nitrided. The annuli 
are through-hardened and tempered to between 


a—Planet carrier 
b—Sun wheel 
c—Annulus 
d—Planet wheel 
e—Annulus toothed coupling 
f—Sun wheel toothed coupling 


h—Oil pump 
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g—Coupling flange of driving machine 


40 and 70 tons/sq. in. tensile, since the surface 
stress on the annulus for a planetary gear is 


Surface stress on sun wheel 


\/ gear ratio—l 


The nitrided gears are ground or shaved before 
and sometimes lapped after nitriding, but may be 
encountered without either the post-hobbing or 
the post-nitriding treatment. 

The planet wheel carriers are of forged steel or 
spheroidal graphite cast iron. 

The gear case, which is usually constructed of 
fabricated steel fully stress relieved after welding, 
is split on the horizontal centre line so that the 
gear internal assembly can be removed without 
disturbing the bottom half of the gear case or the 
alignment of either the high or low speed shafts. 

In merchant marine service, epicyclic reduction 
gears are mainly used for auxiliary purposes. 
Fig. 10 shows a typical example. 

Extensive use is made of the epicyclic reduction 
gear for naval main propulsion purposes where 
the saving of weight and space are prominent 
features. 

The essential difference between an epicyclic 
gear and an ordinary parallel shaft gear is that in 
an epicyclic train at least one axis rotates round 
another axis which is fixed and although there are 
many possible forms and combinations § of 
epicyclic gears, Figs. 11, 12 and 13 give the three 
basic types generally referred to as planetary, 
solar and star gears. These gears are mainly 
suitable for the reduction ratios, planetary gears 
3:1 to 12:1; solar gears 1.2:1 to 1.7:1 and star 
gears 2:1 to 11:1. The compound epicyclic gears 
are capable of ratios up to 1600:1. It should be 
noted that the “star” gear is not a true epicyclic ; 
it only has epicyclic configuration. 


Planet Wheel: tii 
Bone eis 4 


Fic. 14. -Planetary gear— 


Fic. 12. -Solar gear — 


Fic. 13. -Star gear — 


Fig. 14 shows an example of a type of epicyclic 
reduction gear for use with heavy oil engines for 
main propulsion purposes. It consists of a star 
and planetary gear in series giving an overall 
reduction of about 9:1. 


The type of calculation made for epicyclic gears 
is similar to the turbine reduction gear calcula- 
tions except that the K value permitted the planet- 
annulus is based on the minimum specified tensile 
strength of the annulus. Further, the C value in 
the Rule is taken as 1°25, ie. Rule K=1-25 
(40+S). 


Calculations are also made for the deflection of 
the planet pins and annulus. 


PLANETARY Gear 


FIG | 4 


SOME PRACTICAL ASPECTS OF GEAR DESIGN 


Construction 


PINIONS. These are invariably solid or hollow 
forged. A few are constructed with a rim shrunk 
to a low carbon steel shaft, but in some cases 
trouble has been experienced with poor shrink- 
ages. 

Gears for heavy oil engines sometimes have the 
pinions like miniature wheels. 

WHEELS. There are five methods of manufac- 
turing the types of wheels used for marine 
reduction gears: — 

1. Solid cast steel with the teeth cut into the rim 
of the casting. 

2. Solid forged steel with the teeth cut into the 
rim of the forging. 

3. A cast iron, cast steel or fabricated welded 

centre with the teeth cut into a steel shroud 

shrunk and possibly dowelled to the wheel 

centre. 

Wheels of fully welded construction. 

Wheels of bolted construction. 


=~ 
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1. Solid Cast Steel Wheels 


This type of wheel does not find general usage 
on account of the high level of art required to 
ensure consistently high quality castings, and the 
extremely high scrapping cost if previously un- 
detected blow holes appear in the teeth flanks 
during the hobbing process; it is consequently 
restricted to a very few firms who have persevered 
to determine the correct casting technique. This 
in the main resolves itself into adequate provision 
of headers and risers. 


In addition to the primary advantage of obtain- 
ing a homogeneous wheel complete in one go, 
secondary supporting advantages are: — 


(a) It is possible to obtain the same mechanical 
properties as for the types of forged rim in 
common use. 

(b) The presence of inclusions is less serious than 
if present in a forged rim and rolled out in 
the form of cleavage planes. 

(c) Internal stresses can be eliminated by anneal- 
ing and normalising. 

(d) A reduction of cost is claimed. 

There is only one known manufacturer of large 
cast steel wheels for turbine reduction gears and 
Fig. 15 illustrates a typical example. For these 
steel castings it is usual to employ a carbon con- 
tent of 0°35 per cent with 1:°3-1°6 per cent 
manganese and 0:2-0°6 per cent molybdenum. 
By lowering the critical range and cooling speed 
the molybdenum and manganese enable increased 
hardness to be obtained by reducing the mass 
effect in heat treatment. This material also has 
improved machining qualities. Normally the gear 
castings are annealed in the rough cast condition 
and then normalised and tempered after rough 
machining to give U.T.S. 35 tons/sq. in. min. Y.P. 
20 tons/sq. in. E. 22 per cent, R.A. 35 per cent. 
Higher physical properties can be obtained with 
minor changes in chemical composition and heat 
treatment. 

It will be noted that the wheel shown in Fig. 15 
is cast in halves and joined by circumferential 
welds. This procedure is only adopted for the 
wide faced gears, the smaller gears being generally 
cast in one piece without the circumferential weld. 
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The hub is split to allow for contraction during 
casting and to permit a size-on-size fit of the hub 
and shaft in order to obtain a tight grip on the 
shaft without undue stress in the hub or arms of 
the gear. The “shrink rings” are used to clamp 
the two halves of the hub to the shaft because 
they provide a simple, inexpensive and effective 
means of ensuring a uniformly tight fit of the hub 
on the shaft, a condition not necessarily provided 
by fitted bolts. Once fitted, the “shrink rings” are 
unlikely to come adrift. 

These wheels are the result of 40 years develop- 
ment. 

Small cast steel wheels are fairly common with 
manufacturers of the heavy oil engine reduction 
gears. 


2. Solid Forged Steel Wheels 


This type of wheel is mainly used for the small 
turbine and heavy oil engine reduction gear and 
has very limited application for main turbine 
reduction gears. 

In fact, there are three good reasons for 
employing a separately forged rim. 

{a) The rim may be of higher tensile material, 
either plain carbon steel or alloy steel. If of 
carbon steel, the mass effect of the rim would 
necessitate a thin rim in order to obtain the 
required mechanical properties. If of alloy 
steel, the expense would also dictate the use 
of a thin rim. 

(b) The material being in the form of a ring, 
may be more readily forged in any direction. 
Within the limits of the material, the desired 
physical properties may then be obtained 
from normalised carbon steels. 


Matt MOLYTELASTIC CAST STEEL PRIMARY WHEELS SIMILAR 
(c) A greater selectivity of material is permissible 
such as by increasing the percentage ingot 
discard. 
The majority of gear wheels then are made in 
the form of a forged rim suitably attached to a 
convenient centre. 


3. Gear Wheels Shrunk on to a Centre 


(a) Cast TRON CENTRES 


The original construction adopted by Parsons 
in the case of the Vespasian, namely, that of 
shrinking the forged rim on to a cast iron centre, 
is still used by some firms and undoubtedly is one 
of the best methods of construction, There is no 
doubt that the inherent damping qualities of the 
cast iron wheel largely contributes to its reliability. 

Fig. 16 shows a typical primary wheel and Figs. 
17, 18 and 19 typical main wheels. 

It is usual to provide radial slots in the 
periphery of cast iron wheel centres to facilitate 
casting and normally these radial slots should be 
fitted with permanent chocks, preferably of cast 
iron, before the shrinking of the rim (see Fig. 17). 
Where, however, the slots are narrow and posi- 
tioned at a radial spoke, as in Figs. 18 and 19, the 
chocks may be omitted, since the radial support 
of the arm does not allow the loss of support 
which would be possible with the type of wheel 
(Fig. 17) if the chocks were omitted, since in this 
case the radial slots occur in way of the lightening 
holes between the arms. 

Again, it will be noted the wheel type Fig. 19 
employs shrink rings at the hub, but in this case 
the position is slightly different to the wheel type 
Fig. 15 since the wheel shaft is not provided with 
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a key, the drive being by friction only, a certain 
portion being credited to the effect of the shrink 
rings and the remainder to the interference of the 
hub on the shaft supplemented by the support 
given by the shrink of the shrouds. 
(b) Cast STEEL CENTRES 

Cast steel wheel centres are mainly used for 
primary gears. The type shown in Fig. 16 may be 
of cast steel or cast iron. 


FIGIG PRIMARY GEAR WHEEL 


If high speeds are employed for the primary 
gears and the wheel centres are of cast iron, the 
centrifugal effects may induce high hoop stresses 
in the wheel hub such that there is a danger of 
the hub bursting. It becomes necessary in such 
cases for a cast steel centre to be used. A further 
advantage, of course, is that the cast steel wheel 
may be slightly lighter than its cast iron counter- 
part. 
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(c) FABRICATED STEEL CENTRES 


It is becoming increasingly obvious that the 
easiest and cheapest method of producing gear 
wheel centres is to fabricate them by means of 
welding. 

The Rules require that where welding is 
employed, the welding procedure is to be 
approved in the first instance by the Surveyor 
before work is commenced. For this purpose, 


MATERIALS Rim One 
CeTRE CAST IRON 


CAST IRON CENTRE 


test specimens representative of the welded joints 
used in the construction of the wheel are to be 
provided for examination and mechanical test. 
Sections are also to be taken from the test joints 
at positions selected by the Surveyors, and are to 
be macro-etched to verify that the welds are 
sound. Wheels are to be stress-relieved after 
welding. All welds are to have a smooth surface 
and even contour and are to be proved by 
magnetic crack detection methods. 
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Materials, weld design, preparation and execu- 
tion are important in any design of fabricated 
structure, but wheels with shrunk-on rims are 
fabricated from readily weldable boiler quality 
plate and notwithstanding any fault that may be 
present in the welded structure, there is no doubt 
that the shrinking on of the rim, in its effect of 
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placing most of the welds in compression, reduces 
enormously the potential effect of any latent defect 
in design or workmanship. In low carbon steel 
the wheels may be welded without preheat. Figs. 
20 and 21 amply illustrate the main features of 
this type of wheel. 


4. Wheels of Fully Fabricated Construction of which failed in service. The lesson to be 
learned from these failures being that this design 
of weld attachment or those employing a backing 
strip which is not subsequently removed can only 
be satisfactory provided the welding be 100 per 
cent. 

Welding steel of 0°35—-0°45 per cent carbon is 
liable to cause variations in the quality of the 
material across the joint. These variations cause 


Having already welded on one “rim” it seems 
pointless to go and shrink on another so the next 
step for the fabricated wheel was obviously the 
substitution of the rolled mild steel “centre rim” 
by the actual forged steel gear rim. Figs. 22, 23, 
25, 26, 27, 28 and 29 show typical examples of 
this design of wheel. 

However, this was a_ different proposition 
because: 


(a) The material of the rim would be a 0°35 
0°45 per cent carbon steel whereas 0°26 per 
cent carbon is about the limit in a material 
considered readily weldable. 

(b) The welds would always be in tension except 
when passing the pinions. 

Now the most important single factor in weld- 
ing technique is the detail design of the weld 
connections. 

That it is desirable that the welds should be of 
the full-penetration type is amply demonstrated 
by the results of tests published by the Institute 
of Welding and given in Table 4. 

It will be noted that not only is the “cross” joint 
at a disadvantage compared to the “butt’’ joint 
but also that the unwelded parts of the seams in 
the types of joint where full penetration is not 
used are latent cracks “built” into the joint and 
that the fatigue strength suffers in proportion to 
their magnitude. This is further borne out by the 
design of primary wheel shown in Fig. 24, many 
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notches in the metallurgical sense which can 
produce stress concentrations and reduce fatigue 
limit of the weld joint. This condition is aggra- 
vated when two materials of differing carbon 
content are welded direct such as takes place 
when welding the gear rim to the side plates. 

To overcome this difficulty it may be necessary 
to preheat the materials to 100°-300° C. 

The normal method of manufacture is to 
fabricate the hub and side-plates as a sub-assembly 
and then complete the rim to side-plate welds last. 
This last weld is difficult to perform, however, 
at high preheat temperatures, so the various manu- 
facturers have each developed a suitable technique 
to overcome the problem. These techniques can 
more or less be classed “low preheat” and “high 
preheat”. Where low preheat is used, it is necessary 


for the tensile stresses in the welds to be reduced. 
This is done by differential preheat, the rim being 
hotter than the web. On cooling after welding 
this differential preheat reduces the tensile 
shrinkage stresses in the weld by the addition of 
compressive stresses. The resulting lower tensile 
stress helps to prevent cracks until the structure 
can be fully stress relieved, 

The differential preheat also assists in avoiding 
cracks by reducing the cooling rate on the heat 
affected zone of the higher carbon steel rim. Figs. 
25 and 26 show wheels where this technique is 
employed. In the case of the wheel design Fig. 
25 it is considered essential to maintain the fit of 
the rim on the webs and accordingly, the rim is 
shrunk on. The shrink fit ensures rigidity of the 
set-up during welding thus helping to maintain 


STRENGTH OF WELDED JOINTS MN MiLD STEEL 
UNDER FATIGUE LOADING. 


DESCRIPTION 


V - Butt 


STRESS 
ALTERNATING] REPEATING 


PUSH PULL 


MAxiIMaMm 


Root SEALED 
MACHINED FLUSH 
V- BUTT 
Root SEALED 
AS WELDED 
CRo8s JOINT 
PLATES FULLY 


V- Butt 

Root UNSEALED 
AS WELDED 
cross Jont 
PLATES PARTIALLY 
BEVELLED 
INCOMPLETE Fusion 
AT Root 
Cross TJontT 
No Preparation 
PLAIN FILLETS 


7OL 1:0 


=r 10 [$184 595 


BEVELLED 235 [ass 45 
COMPLETE FUSION 
AT Root 


40t40 


STRESS Rance FoR 2xId CreLeds Tes/o° 


TABLE 4 


136 


rs 


Primary Wweer 


Fic 26 MAIN WHEEL. : 


the accuracy of the wheel until the completed 
assembly is finally stress relieved, which removes 
shrink fit stresses and welding stresses. For larger 
diameter wheels the interference would tend to be 
less. 

Where high preheat is used, it is necessary for 
the welds to be fully accessible. This may be 


accomplished in the following ways:— 


(a) Fig. 27 gives a method whereby the root of 
the weld is later removed and both sides of 
the weld dressed flush, the degree of preheat 
being 200-250°C. If well performed, there 
is no reason why this weld attachment should 
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not approach the design features for the 
machined flush, Vee butt weld of Table 4. 


(b) Fig. 28 shows a well-known wheel design 
whereby narrow segments of low carbon steel 
the same quality as the side plates are first 
welded to the alloy steel or high carbon steel 
rim with preheat 200-350°C. The root is 
back chipped and that side of the weld re- 
welded at 200-350°C. The welds are then 
dressed reasonably smooth and checked by 
X-rays. If satisfactory, the rim is stress- 
relieved and the weld preparation of the inner 
edges machined. 


The hub and two inner diaphragm plates with 
webs are welded up, the weld preparation of the 
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outer edge machined and the whole assembled 
inside the rim. 

The rim to diaphragm plate welds are then 
performed first from the inside, the root machined 
out and then the weld completed from the outside. 
After dressing, the welds are X-rayed. To reduce 
back chipping to a minimum, copper backing 
strips have been used with success, 

The same procedure is adopted for the two 
outer diaphragm plates, except that in this case 
the copper backing strips are omitted. 

All welding, except the welding of the segments 
to the rim, is carried out without preheat. 

The wheels are stress-relieved at a temperature 
not less than 30° below nor more than 75° below 
the tempering temperature of the rim. 
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(ce) Fig. 29 shows an experimental design made 
by the U.S. Laval Co. for the U.S. Navy in 
which the rim was manufactured from a 2 in. 
thick | per cent Cr. Mo. alloy steel plate 
rolled into a circle, butt welded with a full 
penetration weld and heat treated to 240-285 
B.H.N. (53-63 tons/sq. in.). 

The rim was then machined as in detail “A 
and a low carbon steel weld deposit “inserted” 
in the rim using a preheat temperature of 250°- 
320° C. After machining the rim and weld deposit 
the rim was preheated to 120°, the hub and side- 
plate assembly inserted and the rim to side-plate 
welds performed by machine or manual welding. 

Designed for a K value of 100, this wheel, 
during a long series of varying tests, successfully 
carried a load corresponding to K=450. 

The weld insert technique is common practice 
in the U.S.A. 
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Some General Remarks on Welded Wheels 


Whilst slight porosity or lack of fusion in the 
centre of a weld will not necessarily reduce the 
fatigue strength, surface porosity, discontinuities, 
hair line cracks, undercutting or rapid change of 
section can seriously affect the joint strength and, 
accordingly, it is important for the welds to have 
a smooth surface and even contour. 
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Stress relieving is usually carried out by heating 
at a rate of up to 200° C. an hour up to between 
600° C. and 650° C. for normalised materials, or, 
in the case of hardened and tempered rims, up to 
between 75°C. and 30°C. below the tempering 
temperature of the rim, and this temperature 
maintained for at least one hour per inch thick- 
ness of the thickest section. Cooling should be in 
the furnace at not more than 50°C. per hour 
down to 150° C. 


With regard to the initial test procedure 
required by the Rules for welded wheels, Table 4 
would indicate that the test specimens representa- 
tive of the welded joints should be made, 
prepared, welded, dressed and heat treated in a 
manner identical to the parts they represent. They 
should have a representative mass effect. If at all 
possible, sections should be tested as a whole and 
not by the method of removing surface material 
in order to obtain suitable test pieces. Such test 
pieces may not necessarily be representative of 
the weld joint. 


Of crack detection methods, each has its draw- 
backs. Magnetic crack detection is very limited 
in the depth of penetration and may in inexperi- 
enced hands initiate a crack at the point of contact 
of the probe since the current used is of welding 
density. 
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Dye penetrant types of crack. detection can 
reveal surface cracks only. 

X-ray is the most satisfactory for thorough 
examination, but does not readily reveal small 
cracks. Nor can it be used for tee or cross welds. 

Ultrasonic testing readily reveals minute cracks 
but the method is impracticable in application to 
the relatively rough work of gear wheel welds. 

In short, the examination of a wheel 12-14 ft. 
diameter for cracks is rather a haphazard business, 
the answer to the problem being obviously the use 
of correct weld design technique, weld control and 
an avoidance of short-cut methods. 
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5. Wheels of Bolted Construction 


The design of wheel considered far superior to 
all others has the side plates secured to the rim 
and hub by fitted bolts. The main wheel has a 
cone plate of cast iron, cast steel or fabricated 
welded steel to give axial rigidity. The design is 
illustrated in Fig. 30. 

The Rules require the bolts to be a tight fit in 
the holes and the nuts are not to be locked by 
welding, since, if the bolts stretch or break and 
the nuts are welded to the side-plate, the defect 
will not be readily noticeable. 
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Wheels of the two-diaphragm plate type may 
be subject to a bending moment on the rim bolts 
or weld attachment due to gear loading or, in the 
case of primary wheels, centrifugal stresses. To 
reduce these effects to a minimum, the rim may 
be thickened up at the centre or provided with a 
circumferential stiffener as shown in Figs. 31 and 
32. 
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The scantlings of gear wheels are particularly 
important. The sketches give a fair representation 
of current practice and whilst it is fully appreci- 
ated that every consideration should be afforded 
the manufacturer in his many efforts to reduce 
weight or costs or to justify his various theories, 
an adequate balance of the factors involved must 
at all times be maintained. 

In this respect the type of wheel with shrunk-on 
shroud is the most troublesome, the factors 
governing this design being : — 

(a) The thickness of the shroud below the teeth. 
(b) The thickness of the wheel centre at the 
shroud. 
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(c) The thickness, number and disposition of the 
wheel plates and webs. 

(d) The shrinkage allowances. 

(e) The hoop stress in the rim. 

(f) The grip stress and the factor of safety 
against slipping of the rim. 

(g) The type and disposition of dowels. 

(h) Centrifugal stresses in high speed wheels. 

(i) Stresses at the hub. 


(a) The thickness of the shroud whilst accom- 
modating hoop stress, grip torque, tooth root 
bending stress and providing torsional rigidity, 
must as its primary function provide a sub- 
stantially rigid base for the teeth. A thick- 
ness, based on stress considerations alone, 
would be inadequate and although it is diffi- 
cult to say exactly what thickness should be 
used, the Graph 7 gives a fair basis on which 
to form judgment and from which it will be 
noted the minimum thickness of the shroud 

D 
should be not less than about t=—1+— 

170 
inches. In general, the stiffer the wheel centre 
the thinner the shroud can be. 


(b) The thinner the shroud the thicker the centre 
must be. Whereas steel centres may have the 
centre the same thickness as the shroud, for 
equal rigidity the cast iron centre should be 
50 per cent thicker than the equivalent centre 
in steel. 
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(c) By stiffness of the centre is meant uniform 
radial stiffness. Thus the types of centre con- 
sidered most desirable are such as shown in 
Figs. 16, 18, 19 and 21. The types shown in 
Figs. 17 and 20, whilst possessing ample 
rigidity, give uneven support to the shroud by 
having an abrupt change of rigidity in way 
of the wheel plates accentuated by the thin- 
ness of the “rim” of the centre. 

A degree of axial flexibility is considered a 
desirable rather than undesirable feature. 


(d) Shrinkage allowances should be moderate and 
in general between 0°5 and 1:0 per thousand, 
shrinkage allowances outside this range either 
permit the rim to slip or promote tooth frac- 
ture. 


(ec) The stresses in the shroud may be calculated 
on formulz based on Lame’s theorems for 
thick cylinders. If, however, the actual strain 
in the shroud is known then Hooke’s Law 
stress=E x strain gives a value which for all 
practical purposes may be taken as correct. 


The following is the general procedure adopted 
at Head Office: 


To allow for the stiffening effect of the wheel 
plates and as far as possible standardise calcula- 
tions, it is general practice to assume the shroud 
is shrunk on to a cylinder having a_ thickness 
double that of the “rim” of the wheel centre, 
although in some cases where the centre is rela- 
tively stiff the calculated hoop stress on this basis 
may be somewhat low. 
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For practical purposes it is necessary to have 
shrink tolerances and hence maximum and mini- 
mum values of proposed shrinkage allowances. 
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Let /\ =Original difference of diameters at shrink 
surface in inches. 
D=Diameter at interface, in inches. 
Er and Ec= Modulus of elasticity of rim and 
centre materials ; 
for steel E= 13,400 tons/ sq. in.* 
for cast iron E=6,400 tons/in.*, or may be 
taken as half that of steel. 
o=Poisson’s ratio=0°3 for steel, 0°25 for 
cast iron. 
L= Axial length of interface, in inches. 
j.=Coefficient of friction=say 0°15 for steel 
oniGs. 
=say 0:2 for steel 
on steel. 

The hoop stress is the circumferential stress in 
the shroud at the interface calculated on the maxi- 
mum shrinkage allowance given by: — 

: (k?+1) Max. 
Maximum hoop stress = p, ie De 
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and generally should not exceed about one- 
third the yield stress for alloy steel shrouds 
and one-half of the yield stress for carbon 
steel shrouds. 

(f) The grip stress is the common normal pressure 
between the shroud and the centre at the 
mating surface and is calculated on the mini- 
mum shrinkage allowance. 


= : Min. /\ 
Minimum grip stress =p cae ae 
1 
Lf@+) | oJ, 1 [th) a, 
E, | (k?—1) E.{d—-l?) — 


The grip torque is then given by: — 
Minimum grip torque = 


Px XxX 4 xXLx4 tons inches. 


Proposed torque = 
S.H.P. transmitted by wheel x 28:1 


R.P.M. of wheel 
The nominal factor of safety against circum- 
ferential slipping of the shroud is taken as 10, 


: a Minimum grip torque 
Le., F.OS.= to be ¢ 10. 
Proposed torque 
Where the factor of safety is less than 10, it is 
recommended that a suitable number and size of 
dowels be fitted. 
The nominal factor of safety against axial 
1 


slipping of shrunk-on rims is—— times the 
tango 


circumferential factor of safety, so that provided 
care is taken to ensure circumferential security no 
further consideration need be given to axial 
displacement. 

To transmit the torque without the use of 
dowels as additional security against the slipping 
of the shroud, it is necessary to obtain as uniform 


tons inches. 


a grip stress as possible and attention to the 

following points may assist in this direction. 

|. The mating surfaces of the wheel centre and 
shroud must be cylindrical. 

2. The surface finish must be the best that can 
be obtained. 

3. The thickness of the wheel centre should be 
at least equal to that of the shroud, but only a 
solid centre would give conditions closely 
approaching uniform surface stress. 

(g) Since even under these conditions uniformity 
of surface stress is difficult to guarantee, in 
practice the rims are invariably fitted with a 
suitable number and size of dowels which 
may be axial or radial or in the form of 
buttons recessed into the side of the shroud 
and centre. 

A nominal size of axial dowel would be } in. or 
3} in. Whit. x 14 in. long for primary wheels and 
£ in. or } in. Whit, * 2 in. long for main wheels. 

Fig. 34 gives some idea of the types of dowels 
currently in use. 


AX. BOWELS 


Fig 34 BUTTONS 


The shear torque transmitted by the dowels is 
equal to ‘85 x U.T.S. of dowels in tons/sq. in. 
x area of dowels in shear 

» radius in inches 

and should be not less than about ten times the 

proposed torque. 

(h) Primary gear wheel rims rotate at peripheral 
velocities varying from 10,000 ft./min. up to 
17.000 ft./min. The effect on a steel shroud 
shrunk on a cast iron centre is for the grip 
stress to be increased but for a steel shroud 
shrunk to a steel centre, relaxation of the 
shrink may take place. 

(i) However, whilst the cast iron centre is better 
from the point of view of the security of the 
rim, it has the disadvantage of the stresses 
at the hub approaching the limit permissible 
for the material. A primary wheel of 80 in. 
P.C.D. running at 16,000 ft./min. pitch line 
velocity will have a centrifugal stress at the 
hub of the order of 3 tons/sq. in. 
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For these reasons the calculation of the centri- 
fugal stresses using the formule in Appendix 5, 
may be necessary for high speed wheels. 

The calculations of the hoop and grip stresses 
at the hubs of wheels secured to the shafts by 
shrink alone are, of course, carried out as a matter 
of routine. 


Flexible Couplings 


It was mentioned earlier that with a double 
reduction geared turbine installation a reduction 
in dynamic loading on the secondary pinions 
could be achieved by providing a flexible coupling 
between the secondary pinion and the primary 
wheel to allow axial float of the pinion. In a like 
manner the dynamic loading on the primary gears 
can be reduced by fitting a coupling that will 
permit axial freedom between the turbines and 
primary gears. Thus the usual arrangement in a 
tandem reduction gear is for thrust bearings to be 
provided on the turbine rotor, the primary wheel 
shafts and the main wheel shaft with the pinions 
“floating” by means of flexible couplings. 

These couplings are generally of the fine-toothed 
type. 

The older type of dog coupling suffered the 
disadvantage of a high surface stress which invari- 
ably led to scuffing. Since it was also difficult to 
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distribute the load evenly over the whole number 
of dogs, tooth fracture was a common occurrence. 
Further, they were very inefficient due to the high 
frictional resistance. 

An example of the modern type of fine-toothed 
coupling is illustrated in Fig. 35, which shows a 
turbine muff type coupling and Figs. 36, 37 and 
38, which illustrate the quill shaft-secondary 
pinion type coupling. 

These couplings have the inner member, the 
claw, with externally cut teeth and a mating outer 
member, the sleeve, with internally cut teeth, all 
on the same P.C.D. 

The teeth, being designed for strength only, are 
cut as stub spurs of between 4 in. and } in. pitch. 

The claw member is usually a “40” carbon steel 
and the sleeve 2} per cent NiCrMo steel. 

The axial float of the coupling should be 
adequate to accommodate the combined clear- 
ances of the two thrust bearings locating the 
members they connect and the thermal expansion 
of these members. 

The main point when considering these types 
of coupling is that a copious supply of oil must 
be available and that the design enables the oil 
to efficiently flush out and remove the sludge. 
Any form of dam is not considered satisfactory. 
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The couplings have a high centrifuging action 
which readily builds up sludge. In this respect 
the type shown in Fig. 37 is provided with a 
recess at a greater radius than the oil supply holes 
to the teeth with a view to centrifuging the oil 
supply before it reaches the coupling teeth. This 
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recess should also be adequate in depth and size 
and forms a ready means for the Surveyors to 
judge the efficiency of the filtering system during 
trials. General experience would indicate that the 
most efficient form of lubrication is by providing 
a separate oil hole to the root of each tooth of 
the claw member. 


FIG 38 


In a further effort to reduce scuffing troubles 
a process of ‘“‘sulfinuzing” the teeth has been tried 
with satisfactory results. In some cases nitrided 
alloy steels have been used for both members. 

Coupling failures, however, invariably have the 
source of trouble elsewhere. 

The high speed turbine coupling shown in Fig. 
35 is designed as a continuous sleeve, or in two 
halves bolted together inside the sleeve, to reduce 
windage losses and out-of-balance. 

About 80 per cent of the teeth should be in 
contact when transmitting the load. 


Gear Cases 

Plans of gear cases are not required to be sub- 
mitted for approval, but gear cases are to be of 
rigid design and if welding is employed in their 
construction, they are to be stress-relieved on 
completion. 

A good proportion of the heavy oil engine 
reduction gear cases are still of cast iron construc- 
tion but the turbine reduction gear case is almost 
universally of welded construction today. 

Figs. 39 and 40 give typical designs of the 
shallow web and deep web types of gear boxes, 
the thickness of the vertical plates being about 
1 in. for the average size of gear box. 
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An example of the “double walled” or “box” 
type ot gear case is illustrated in Fig. 41 and a 
sectional arrangement would be similar to the 
general arrangement shown in Fig. 1. This type 
of gear case is rather complicated to manufacture 
but is considered superior in rigidity as compared 
to the web type gear case. The thickness of the 
vertical plates would be ¢ in. and } in. 

In general, and whatever the type of gear box, 
full penetration welds are usually made in way of 
the bearing housings, but having regard to the 
uniform conditions of loading, no objection is 
made in cases where fillet welds only are proposed 
for this duty. 

Provision is to be made by the gear manufac- 
turers for verifying by trammels, or other means, 
during installation of the gear case on board ship, 
that it is free from distortion when chocked and 
secured to its seating. 


Balance of Gear Pinions and Wheels 

The Rules require all primary pinions over 12 
in. diameter complete with couplings to be 
dynamically balanced and all primary wheels 
including those with secondary pinions and also 
main wheels to be statically balanced. Preferably, 
however, all primary wheels and _ secondary 
pinions should be dynamically balanced where 
practicable. 


Accuracy of Gear-Cutting and Alignment 
Turbine gearing is to be cut only on machines 

which are maintained at a high standard of 

accuracy. When large gears are designed with 
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loading factors exceeding K=80, any hobbing 
machines used in their production are to operate 
under conditions of temperature control. 

The accuracy of gear-cutting and alignment of 
pinions and wheels is to be demonstrated in the 
workshop to the satisfaction of the Surveyors. 

Some guidance in the limits of accuracy 
required can be obtained from B.S.S. No. 1807, 
bearing in mind that class Al is more applicable 
to precision-cut naval gears than to commercially 
cut merchant gears. Under normal circumstances, 
the limits of class A2 would be used for primary 
gears and class B for secondary gears. 


Trials 


The sea trials are to be of sufficient duration to 
prove the gears. On conclusion, all gears are to 
be opened up sufficiently to permit the Surveyors 
to make an inspection of the teeth. 

For turbine gears having a loading factor 
exceeding K=80 the tooth contact distribution is 
to be verified on completion of the sea trials. 
For this purpose and prior to the trials, the teeth 
of the pinions and wheels are to be thinly coated 
with copper sulphate, an approved spirit lacquer, 
or other equivalent. The marking revealed by 
this inspection is to indicate freedom from hard 
bearing and not less than 70 per cent contact 
across the face width with satisfactory contact 
over the involute profile. It should be noted that 
if the contact over the involute profile were also 
70 per cent then the area of contact would be 50 
per cent of the total designed area, in other words, 
the K value would be double the nominal value. 
Accordingly, since the most damage to the 
majority of turbine reduction gears is done during 
the trials period, there is a strong case for the 
Surveyors to require a quick examination of the 
gears prior to the full speed trials. In any case, 
it is highly desirable that the full speed trials 
should only be carried out after an initial “run- 
ning in” period of at least 24 hours. 

The use of extreme pressure types of oils, in 
extending the period over which the “bedding in” 
of the gears takes place, helps to avoid early 
pitting and scuffing troubles. 


Materials 


The most important single factor governing the 
permissible loading any reduction gear can safely 
carry is the materials of the pinion and wheel. 

The physical properties required of a pinion 
material are : — 

(1) Tensile strength to give the necessary hard- 
ness to provide the resistance to wear, pitting 
(high K value) and scuffing (local failure of 
lubrication). 

(2) High fatigue strength in bending to reduce 
risk of failure by tooth breakage. 

(3) A high yield stress to minimise the danger of 
permanent deformation. 

(4) Adequate ductility to assist the more uniform 
distribution of stress. 

(5) Low coefficient of friction. 


Since in the majority of turbine reduction gears 
these properties must be obtained without the 
necessity of a further heat treatment subsequent 
to the cutting of the teeth, the material must also 
possess good machinability. 

Pinion materials should, therefore, be of alloy 
steels suitable for tensile strengths between 40 and 
76 tons/sq. in. depending on the proposed K value 
and tooth bending stress. 

The upper limit of 76 tons/sq. in. is the 
maximum tensile strength considered machinable 
to the standards of accuracy required for marine 
gears. 

The physical requirements for the wheel rim 
material are not so exacting as for the pinion 
since the radius of curvature of wheel tooth 
profile is much flatter than the pinion tooth profile 
and the number of applications of the loading is 
considerably less than the pinion. 

Thus the main requirement is for the material 
to be readily forged with moderate tensile strength 
and good ductility. It must be compatible with 
the pinion material under load conditions. 

Gear materials range from 0°25 per cent carbon 
steel to 44 per cent nickel steels. A list of the 
more common materials and their applications is 
given in Appendix 6. 

The physical properties that will be obtained 
depend largely upon the carbon content, the alloy- 
ing elements, the forging ratio and the mass effect 
due to the section of the forging during final heat 
treatment. 

The tensile strength may be raised by increasing 
the carbon content but at the rate of cooling 
necessary for the turbine reduction gear forgings, 
the desired results may only be obtained with 
unduly high carbon content and by water quench- 
ing with subsequent risk of quench cracks and a 
drastic reduction of ductility. To obtain the 
desired physical properties it is necessary to offset 
the mass effect by reducing the critical cooling 
velocity by the use of one or more of the alloying 
elements nickel, chromium or manganese. 

The elements molybdenum and vanadium form 
carbides which may increase the resistance to 
wear but are mainly used to modify or enhance 
the effect of other alloying elements. 

By using nickel or manganese the forgings can 
be quenched from a lower temperature whereas 
for the chromium steel a higher quenching tem- 
perature must be used. 

The effects of these elements up to | per cent, 
however, are not greatly beneficial and conse- 
quently the | per cent Ni and 1 per cent CrMo 
materials are not normally used for turbine 
pinions. 

The :25—-55 carbon steels 1 per cent Ni and 
| per cent CrMo steels are accepted for turbine 
gear wheel rims but having regard to the mass 
effect are not considered acceptable above 45 
tons/sq. in. tensile. 

For heavy oil engine reduction gears the 
materials are dealt with on their merits and the 
equivalent ruling section. Carbon steel pinions, 
however, are only accepted where the mating 
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wheel is of a similar size and the K value does 
not exceed 105 in single mesh and 95 in double 
mesh. 

It should be noted that the chromium steels are 
subject to temper brittleness which can be avoided 
by the use of not less than 0-2 per cent molyb- 
denum or by tempering to a higher temperature. 
The manganese and | per cent nickel steels are 
prone to hair line cracking, so should be subject 
to careful examination by suitable crack detection 
methods. 

Silicon is not strictly an alloying element but 
more of a stabiliser. In this country steels con- 
taining more than 0°35 per cent Si are considered 
“dirty”. The manganese-silicon steels were intro- 
duced into gearing by the Continental gear manu- 
facturers several years ago but the disastrous 
results of combining this material with high tooth 
loading and rim hoop stresses has recently dis- 
couraged its use for many of the larger sizes of 
gear. The material is a steel of about 1 per cent 
Mn | per cent Si and is accepted within the tensile 
range 40-45 tons/sq. in., subject to special con- 
sideration (a strong recommendation to use 
something else) in the case of turbine gears and 
in all cases, including heavy oil engine reduction 
gears, subject to sulphur printing, ultrasonic tests 
and magnaflux tests. 

Nickel steels are noted for their high strength, 
ductility and toughness, while chromium steels are 
characterised by their hardness and resistance to 
wear. The combination of nickel and chromium 
produces steels having all these properties, some 
intensified, without the disadvantages associated 
with the simple alloys. Nickel counteracts the 
tendency to grain growth due to chromium while 
the chromium, by raising the critical points and 
lowering the critical cooling velocity permits the 
use of a higher tempering temperature. 


Mass Effect and Ruling Section 


Mass effect is the expression commonly used to 
refer to the influence of size and shape in deter- 
mining the mechanical properties produced in steel 
by heat treatment. The size and shape are the 
main factors determining the rate of cooling, and 
taken in conjunction with the composition of the 
steel, determines the physical properties obtained. 

The B.S.S. No. 970: 1954, Wrought Steels, gives 
adequate guidance on the physical properties that 
can be obtained with varying diameters of a given 
material the term “limiting ruling section” being 
the maximum diameter of round bar in which the 
specified properties may be produced in the steel 
concerned by the heat treatment specified. Since 
such parts as pinion sleeves and wheel rims do 
not even approximate to round bars it is neces- 
sary to have some means of relating the rates of 
cooling of these sections to their “equivalent 
sections” of round bars. 

The equivalent rounds for small pinion sleeves 
and wheel rims may be obtained from Graph 8. 
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Nitriding and Case-Hardening 


Increasing use is being made of the nitrided or 
case-hardened and ground pinions and wheels or 
nitrided or case-hardened and ground pinions 
running in conjunction with a through-hardened 
wheel. 

No objection is taken to these proposals 
provided in cases where the minimum specified 
tensile strength of the through-hardened wheel 
exceeds 70 tons/sq. in., the wheel teeth are ground 
after hobbing and heat treatment. 


Nitriding 

The process of nitriding consists of the forma- 
tion of nitrides on the surface of the material by 
exposing the machined parts to the action of 
ammonia gas in an electric furnace at a tempera- 
ture of about 500°C. for a period of 40-100 
hours, depending on the depth of case required: 
the latter increases with exposure up to a depth 
of about 0°03 in. for 100 hours exposure. 

The nitriding leaves the steel parts with a clean 
finish and grey mat surface of hardness 900-1100 
B.H.N. 

The principal steels used are “Nitralloy”, con- 
taining 0°2-0°5 per cent carbon, | per cent 
aluminium, 1°5 per cent chromium and 0:2 per 
cent molybdenum or the conventional NiCrMoV 
alloy steels which give superior core properties 
with slightly lower case hardness 600-900 B.H.N. 

Nitrided steels retain the hardness of the case 
up to 500°C. and are stated to be free from 
notch sensitivity. An expansion of about 0:°0005 
in. takes place during nitriding, which must be 
allowed for when cutting the teeth. It is also 
desirable to stress relieve before nitriding. 


Case-Hardening 


Almost any low carbon steel can be case- 
hardened but for reduction gears it is usual to 
employ a suitable alloy steel in order to provide 
the core “support” of a superior steel. 


Case-hardening is the addition of carbon to the 
outermost fibres of the material by heating at 
900° C. in a carbon-rich material. The enriched 
carbon layer penetrates to a depth of about 0°04 
in. so that when further heat-treated, a hard 
surface or “case” of about 600 B.H.N. results 
supported by a softer “core” having the tensile 
strength of a through-hardened material at that 
heat treatment. 

The following is an actual specified case- 
hardening procedure : — 

Material 1-5 per cent CrNi steel pinions. 

(1) Pinions rough cut. 

(2) Gas carburised for 18 hours at 900/930° C.* 
including a diffusion period of 9 hours at 
930°C. Cool in nitrogen atmosphere. Soft 
anneal at 650° C. 

(3) Case-hardening consists of 2 hours heating 
up to 830° C. holding for | hour and quench- 
ing in “martemper” bath of 220° C., holding 
1-14 hours followed by air cooling. 

(4) After cooling of the core to room tempera- 
ture the pinions are stress relieved in an air- 
recirculating furnace at 200° C. for 4 hours. 

(5) The pinions are ground-finished. 

Case-hardened materials begin to loose their 
hardness at 200° C. 

It will be noted from the testing of the materials 
of surface- and case-hardened gears given in 
Chapter P of the Rules that the tests are to be in 
accordance with the approved specification which 
in general should comply with Table 1 (Chapter 
P of Rules) and that it is on the physical proper- 
ties of the core of the finished gear that the 
Society bases its acceptance of the material. For 
case-hardened gears these tests will normally be 
carried out at the engine works or other agreed 


Min. U.TS., 


35 tons/sq. in. 1 in. x ? in. 


+ in. x 2 in. 


40 tons/sq. in. + in. x 2 in. 


Size Test Piece 


place. Any tests carried out at the forge before 
the parts are case-hardened will be for the manu- 
facturers’ benefit only. The Surveyors would, of 
course, examine and identify the forgings at the 
forge and verify that the discard, forging ratio 
and chemical analysis meet the requirements of 
the Rules and specification. The hardness tests 
on the ends and the flanks of the teeth are neces- 
sary to verify that the core properties and surface 
hardness comply with the specification for which 
the gear loading was approved. 


Materials for Gear Parts other than Pinions or 
Wheel Rims 


As stated in the Rules, steels for parts other 
than pinions, pinion sleeves and wheel rims are to 
comply with the requirements for “Steels for 
Boilers and other Pressure Vessels”, and ‘Steel 
Castings” and “Ingot Steel Forgings”, as appro- 
priate. It wou!d appear that this ruling was meant 
to ensure that boiler quality steel 28-32 tons/sq. 
in. was used for wheels of bolted construction and 
boiler quality steel 26-30 tons/sq. in. was used 
for fabricated wheels. The ruling was not 
intended for gear cases and whilst boiler quality 
steels are recommended, “ship steel” (ordinary 
quality) that has been tested and found to be in 
the range 26-32 tons/sq. in. could be accepted for 
wheels of bolted construction and similarly “ship 
steel for welded construction” could be accepted 
for fusion welded wheels and gear cases, provided 
it also has been tested and found otherwise suit- 
able. The steels used should be fully killed, or 
semi-killed. 

Materials for flexible couplings, shafts and quill 
shafts should comply with the Rules for ingot steel 
forgings. except that the following alternative 
bend tests may be used : — 


Radius and Angle of Bend 
|W T 


in. at 180° — 


wha 


— 4 in. at 150° 


3 in. at 180° 3 in. at 150° 
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APPENDIX | 


Notes explaining the meaning of a few of the expressions and basic principles encountered in 
reduction gearing. 


Practically all gears are required to impart 
constant angular velocity ratio to the shafts which 
they connect, although in practice, due to the 
inaccuracies of cutting the teeth, this is never 
exactly attained. 

The gears are considered to roll together on the 
pitch surfaces without slip. The pitch surfaces of 
gears connecting parallel shafts are those 
imaginary surfaces of revolution, concentric with 
the axes of the respective gears which are 
imagined to make line contact with each other 
and roll together when the gears rotate with 
angular velocities inversely proportional to their 
respective numbers of teeth. 


The pitch circles of a pair of gears are those 
transverse sections of the respective pitch surfaces 
through the same pitch point. 

It is usual, although not essential, for the teeth 
of gears to extend above, and the tooth spaces 
below, the pitch surfaces. 


The surface profiles of mating reduction gear 
teeth are composed of dissimilar curves making 
line contact only. Such curves must, at the point 
of contact, have a common normal and a com- 
mon tangent, and although there are a number 
of tooth profiles that can be chosen to give the 
transmission of constant angular velocity with 
continuity of tooth contact, the curves selected 
for the tooth profiles must at all times have the 
common normal passing through the pitch point. 

Tooth profiles that satisfy these conditions are 
said to be “conjugate” and whilst the majority of 
these tooth forms are conjugate in theory, in 
practice, due to a variation in centre distance, 
even caused by differing running conditions, the 
uniformity of angular velocity ratio is destroyed. 

In order to have gears able to transmit uniform 
velocity with variation in centre distance it is 
necessary for the gears to be like two drums 
connected by a crossed endless elastic belt such 
that, within reasonable limits, the centre distance 
of the drums mav be decreased or extended with- 
out impairing the velocity ratio. 

To apply this principle to gear tooth profiles, the 
conditions of running must be such that contact 
between the teeth always occurs on the tangent 
line joining imaginary circles within the gears. 
This tangent line would be the line of action of 
the gears and the common normal of the tooth 
profiles. 
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The Involute 

The involute curve is a path traced out by a 
point on a thin inextensible cord when unwound 
from a given curve. A circle from which an 
involute is described is called a base circle. Thus 
the normal at any point on an involute curve is 
tangential to the base circle, therefore, the com- 
mon.normal to two involute curves in contact is 
always tangential to the base circles, and since 
this tangent line also always passes through the 
pitch point the involute profile fully satisfies the 
conditions for conjugate teeth. This is one of the 
reasons for the almost universal adoption of the 
involute tooth profile in marine gears. 


i¢ Fig: 45 


By definition, the pressure angle at a point on 
an involute curve is the acute angle formed 
between a tangent to the curve at that point and 
a radial line from that point to the centre of the 
base circle. The second point in favour of the 
involute profile, therefore, is that the conjugate 
rack has straight-sided teeth. This also means 
that all gears conjugate to a rack are also con- 
jugate with one another and further, the gears can 
be generated by the hobbing, shaping or grinding 
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methods more accurately and cheaply by the use 
of cutting tools having straight sides or motion in 
a specified straight line. 

Helical gears of the involute profile are termed 
involute helicoid. 

An involute helicoid is the surface generated by 
a straight line inclined at a constant angle to the 
axis of a cylinder (the base cylinder), from which 
it generates involute curves at each extremity. 


Line of Action 


The line of action of involute gears is the 
straight line forming the common tangent to the 
base circles, and is the common normal to the 
tooth profiles in the transverse plane. The length 
intersected by the addendum circles is the length 
in which the teeth are in contact. It is called the 
“path of contact”. 


Contact Ratio = * LENGTH OF PATH oF 
Contact 
BASE PitcH 
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The length of the path of contact is given 
by: — 


t/D,?—D,?+4 Vd,?—d,*—+ (Da +d,) tany, 
Where D,.=Diameter of wheel addendum circle. 
D,, =Diameter of wheel base circle. 
D,,=PCD of wheel x cosy,. 
d,=diameter of pinion addendum circle. 
d, =diameter of pinion base circle. 
d,=PCD of pinion x cosy. 
Ww, =transverse pressure angle of engage- 
2C 
ment given by Sec ¥, — : 
Did, 
C=centre distance. 
When the gears are mounted at the standard 
centre distance v.=v,, Where yw, =transverse 
pressure angle of generation. 


z 


Contact Ratio 
The contact ratio is the number of teeth in 
engagement in a transverse plane at any instant 
and for a helical gear is the length of the path of 
contact divided by the base pitch 
Dn COS We 
Base pitch=P eer 


. : 
COS o 


Addendum 


The addendum is the radial distance from the 
pitch cylinder to the tip cylinder. 


Dedendum 

The dedendum is the difference between the 
whole depth of the tooth and the appropriate 
addendum. 


Addendum Distribution 

In the British Standard tooth form the adden- 
dum is given by the normal pitch/z. Using the 
metric system, the normal pitch is the module 
x a, therefore, the addendum is arbitrarily equal 
to the module in the normal plane. 

The addendum distribution is the percentage 
of the addendum compared with the total working 
depth and in general refers to the pinion. 

There are three main reasons for increasing the 
percentage addendum of the pinion :— 

(a) A greater use is made of the flatter portion 
of the involute curve from the pinion base 
circle at the expense of the wheel profile thus 
permitting the use of a higher K value. 

(b) The root section of the pinion teeth is 
increased, at the expense of the wheel teeth, 
to give a more even distribution of strength. 

(c) The length of the path of contact at approach 
is governed by the wheel addendum and that 
at recess by the pinion addendum accord- 
ingly, by suitable distribution of the adden- 
dum the ratios of sliding and rolling at the 
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beginning and termination of engagement 
can be arranged to give desirable character- 
istics as indicated in Graph 9 of pinion wheel 
tooth contact velocity. 

The standard tooth form has a high slide/roll 
ratio at both approach and recess whilst the all 
addendum pinion tooth has no contact during 
approach, i.e., prior to the pitch point and, there- 
fore, commences with pure rolling and has a lower 
slide/roll ratio than the standard tooth form 
during recess. The all-addendum tooth has 
advantages for high speed high duty gears 
facilitated by initial contact taking place at pure 
rolling, but suffers from the drawback of a 
reduced length of path of contact and the higher 
sliding speed at the termination of recess. 

The all-addendum gear is prone to scuffing if 
not subject to post-hobbing treatment. 

For normal merchant gear service a satisfactory 
balance between the slide/roll ratios is obtained 
when the pinion addendum is between 60-67 per 
cent of the working depth. 

In a gear set where the pinion has all-addendum 
teeth, the wheel teeth are usually all dedendum. 
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Working Depth 


The working depth h, is the radial distance to 
which the mating teeth extend into the tooth 
spaces measured from the addendum circles and 
in a standard gear is the sum of the addenda of 
the pinion and wheel. 

The gear tooth proportions adopted by the 
British Standards as being generally satisfactory 
have a ratio of working depth to normal pitch of 
h/p,.=°636. In British marine practice, however, 
a modified tooth form with a slightly smaller flank 
angle (16°) has gained favour in recent years. 

The contact zone of a gear is proportional to 
the length of the path of contact which in turn is 
proportional to the working depth. An increase 
in the ratio h/p,,, therefore, increases the length 
of line contact in the meshing teeth and by sharing 
the load over a longer length of contact line 
permits an increase in loading both from the point 
of view of Hertz stress and bending stress. 
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The alternative variations of tooth form are:— 
(1) The stub tooth, h/p, less than -636. The 
main advantage of the stub tooth lies in its 
increased strength when used for gears with 
few teeth when it avoids undercutting of the 
flanks of the teeth. It finds its mark in slow- 
running highly-loaded case-hardened types of 
gear for use with heavy oil engines and for 
traction purposes. It is not favoured for 
marine use. 

(2) The deep tooth has h/p,, greater than 636. 
Various ratios of working depth to normal 
pitch have been tried up to the limit of unity. 
Large ratios of h/p , however, produce deep 
slender sharp pointed teeth that are difficult 
to machine and expensive in hob breakages 
and a tendency for the teeth of both hob and 
gear to deflect while machining the gears 
produce detrimental results from the point of 
view of accuracy. Finally, the ratio of sliding 
to rolling can, in certain circumstances, 
become excessive when a deep tooth is 
employed. 

For marine use it would appear that most satis- 
factory service experience has been gained when 
the ratio of h/p,, is about 20 per cent in excess 
of the British Standard, ie., h/p,.—= +764. 

The deep tooth requires a greater pitch for a 
given pressure angle. The moderate ratio h/p,= 
‘764 gives a reasonably fine pitch with a normal 
pressure angle of 16°. 
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Pitch 

The pitch p is a measure of the spacing of suc- 
cessive tooth spirals on similar tooth faces in any 
direction. 

From the point of view of root stress, an 
increase in pitch permits an increase in unit load- 
ing P lb./in. whereas the Hertz stress or K value 
is unaffected by pitch variation. 

The module m is a measure of the pitch, prin- 
cipally used on the Continent, expressed by the 
pitch in millimetres divided by 7. 

The normal pitch or module of any gear is the 
same as the normal pitch or module of the hob. 


Pp, =normal pitch, Pu=P, COS o=7 xm, 
p, =transverse or circular pitch, 
PCD 


Pi=Pe~7 * number of teeth 
P,=axial pitch, p,=P, Cosec o 
Po 


mn=normal module. mu =—=M COs o 


PCD x cos o 
number of teeth 
The overlap ratio is the ratio of the face width 
to the axial pitch and is given by:— 
Overlap ratio= 
F Ftano Fsing 


My 


Pa Pr Pr 
The diametral pitch D.P. is a measure of the 
pitch expressed by the number of teeth divided by 
the pitch circle diameter in inches. It is used 
mainly in this country with regard to heavy oil 
engine gears. Since originally intended for spur 
gears its use is to be discouraged. 


Pitch D.P. Module Pitch 
Inch Inch mm mm 

495 6°35 4 12:56 
524 6 4-236 13-3 

618 5:08 5 15.71 
628 3 5-077 15-95 
742 4-233 6 18-85 
7854 4 6°35 19-95 
866 3-628 f 21-99 
898 = ete 7:26 22-79 
99 3r175 8 25-136 

TABLE 5 


Marine gears are discussed in terms of pitch in 
inches or module in the metric system. 

The normal pitches usually adopted for through- 
hardened gears are: — 


Turbine primary gears p, =*4 in.—'7 in. m, =3-6. 
Turbine secondary gears and heavy oil engine 
gears p,='6in—1 in.m, 5-8. 


The more heavily loaded gears such as the case- 
hardened type of gear may require a correspond- 
ingly greater pitch. 


A popular form of expressing the pitch in this 
country is by the use of fractions, thus the 4/10 
in., 7/12 in., 6/10 in. and 7/10 in. tooth will have 
a normal pitch of 4 in., 583 in., °6 in. and °7 in. 
respectively. 

This system of tooth designation must not be 
confused with the system adopted in America 
for indicating the tooth form by a fraction, the 
numerator of which indicates the circular pitch 
and tooth thickness and the denominator the 


8 
working depth of the tooth, e.g., 0 pitch gear 


would mean a stub tooth, having a circular pitch 
and tooth thickness of 8 D.P. and a working depth 
of 10 D.P. 


Pressure Angle 


As previously stated, the pressure angle at a 
point on an involute curve is by definition the 
acute angle between a tangent to the curve at that 
point and a radial line from that point to the 
centre of the base circle. Thus the involute rack 
is the only involute gear with a constant pressure 
angle over the whole of the active portion of the 
tooth profile. All other involute gears conjugate 
to the rack have a pressure angle which varies 
over the face of the profile and is the same as that 
of the conjugate gear at the pitch point only. 

This infers that a gear has undefined pressure 
angle until mounted in mesh with another gear. 

For general use, the pressure angle ~ (Psi) is 
taken as the acute angle measured in a chosen 
plane between the common normal to the profiles 
of two gear teeth at the pitch point and the 
common pitch plane, and this angle is constant 
for any given pair of involute gears over the 
whole phase of engagement. 

A given involute gear can have different values 
for its pitch diameter and pressure angle according 
to the gear with which it engages and the centre 
distance at which they are mounted. The pitch 
diameter of engagement and the corresponding 
pressure angle of engagement are not necessarily, 
although they frequently are, equal to those which 
are obtained when the gear is being generated 
from its basic rack. When the gears are mounted 
at other than standard centre distance, the pitch 
circle diameter at which the gears were cut 
becomes the reference circle diameter, and is the 
diameter at which the normal pressure angle has 
a specified standard value. 

wv, =normal pressure angle. 

Ww, = transverse pressure angle, 

tany,=tany,, x seco. 
y,= pressure angle of generation (normal plane). 
yY.=pressure angle of engagement (transverse 
plane). 
2C 
=D,+d, 
where d,,=d cos ¥, and D,=Dcos y, 
d and D being the diameters of the 
reference cylinders at which the 
normal pressure angle will have a 
specified value. 


sec Wy, 


In general, marine gears most often have the 
following pressure angles : — 

Turbines primary gears (A.A.) y,,=16° 
Turbines secondary gears y,=224° 
Heavy oil engine gears by ,=20° 

Fundamentally, the pressure angle should 
always be considered in conjunction with the 
other features of the tooth. 

Within reasonable limits, the pressure angle can 
vary without in itself greatly affecting the suit- 
ability of the tooth. A large flank angle increases 
the radius of curvature of the teeth and, in con- 
sequence, would permit an increase loading, i.e., 
K value, to be carried at the line of contact were 
it not closely compensated for by a proportional 
reduction in the length of the line of contact. It 
also produces sharp pointed teeth and, therefore, 
necessitates an increased pitch which is undesirable 
since the pitch should be the least that is permis- 
sible in relation to the root stress due to bending. 

Too fine a pressure angle produces undercutting 
unless the teeth are otherwise modified, but it 
should be noted that in a helical gear a reduction 
in pressure angle theoretically permits a_ slight 
increase in unit loading P l1b./in. 


Helix Angle 


The helix angle is the angle between a tangent 
to a tooth spiral at any point, and the pitch 
surface generator passing through that point. 

The main reasons for adopting a helical tooth 
are: — 


(1) It provided a smooth entry of the loading into 
the contact zone. 

(2) It increases the number of teeth in contact by 
the overlap ratio, i.e., more teeth in contact 
but less of their length. 

(3) It greatly reduces the load fluctuation on the 
teeth. 

These requirements are adequately met by a 
helix angle of from 12°-15° but the helix angle 
also increases the transverse pressure angle so that 


, h 

in a gear of standard proportions and —= 636 
Po 

and for the same transverse pressure angle, the 


normal pressure angle is reduced and a finer pitch 
may be employed. Since increasing helix angle 
increases the bending stress at the root of the 
tooth in a much larger ratio than the reduction 
in bending stress due to the reduced normal 
pressure angle the effect on the whole is to tend 
to equalise the permissible loading for wear and 
strength on a standard tooth. 


Pitch Line Velocity 

The pitch line velocity of a gear, V, is expressed 
in feet per minute and ranges from about 3,000— 
17,000 ft./min. 


a x PCD x RPM : 
=—__—_—__———ft./min. 
12 
Where this velocity exceeds 16,000 ft./min. 
some form of post-hobbing process may be desir- 
able depending upon the accuracy of the gear 
cutting machines. 
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By the expression “Post-hobbing treatment” is 
meant an improvement of the gear tooth surfaces 
by removing or reducing some of the errors pro- 
duced during the hobbing of the gear. This is 
done by shaving, grinding or lapping and, in 
certain cases, an extended period of running at 
reduced power may be taken as equivalent to 
post-hobbing treatment, since it has been found 


that most damage is done to gear teeth during the 
early stages of operation. All that is required is 
time for the gears to “settle-in” and produce a 
polished surface, although it should be noted that 
a badly cut gear may require months of careful 
running-in, and in such cases it is better to subject 
the gears to a proper post-hobbing treatment. 


APPENDIX 2 


An example of the permissible loading for wear 
on a hypothetical gear set as determined by the 
British Standard Specification No. 436 for 
machine-cut gears and the equivalent K value. 
The loading on the B.S.S. No. 436 is given by 
EXILES 


P where 


P=allowable tangential load per inch face width 
for suitably lubricated gears. 
X,. =a speed factor for wear. 
Z=a zone factor. 
S,—=a surface stress factor for the material used 
in the manufacture of the gear. 
K=a pitch factor given by the diametral pitch 
raised to the power 0°8. 


In order to have the wheel K value the same as 
the pinion, the wheel S, value must be increased 


to S,= 


0 
x 101°4=1594 1b./in. sq. 


Thus for this reduction ratio and gear set the 


._ WheelS,, 1594 
ratlo— —_—— =——_= -797 
pinion S, 2000 


In a similar manner, for a reduction ratio of 2:1, 


_ Wheel S 
the ratio— = 887 
pinion S,, 


For the whole series used for the consideration 
of the modified B.S.S. No. 436 an approx. to 


heel S,, 
PRE) CB Sein, 4; Pn 
Hat witcntine tt lovte a vale, Re ( ) sinion S is given by the reciprocal of the fifth 
d R ¢ 
can be calculated shown below. root of the reduction ratio. 
Pinion Wheel 
P.CD. 10 in. 40 in. 
R.P.M. 600 150 
Material Ni Steel 40 tons/sq. in. | C steel 35 tons/sq. in. 
| Pitch line velocity 1570 ft./min. 
Reduction ratio 41 
Diametral pitch | 
Mie 2235 *295 
| Z 6:3 6:3 
IN 2000 Ib./sq. in. 1400 Ib./sq. in. 
bin IK 3°65 3°65 
| 2 3x2 295 x 6°: 
| Permissible Unit page 5 pa ee ey 
Loading 3°65 3°65 
=811 Ib./in. =713 1b./in. 


Lloyd’s K Value 


POR?) K=811 (4+1) 
K=— —X 
ale 10 4 
=101°4 


K=713 (4+1) 
— x 
10 4 
a 


APPENDIX 3 


An example of a typical heavy oil engine reverse-reduction gear calculated on the modified B.S.S. 436. 


EXAMPLE 


Ist REDUCTION 
GEAR 


2nd REDUCTION 


No. 1 No. 2 No. 3 No. 4 
BHP 700 350 350 700 
RPM 350 345-5 345-5 92-5 
No. of Teeth 80 40 121 
PCD 19.27 19-51 9-635 29-14 
Reduction Ratio R =1-012 R = 3-025 
Module 6 
Helical Angle 11°9 bso 
Face Width Geo: . 
Pitch Line Velocity V = 1765 V = 870 
Material En 9 45-50 T/” En 9 45-50 T En 25 60-66 T En 9 45-50 T 
Proposed 700 « 126000 “ 700 « 126000 ; 
Loading 19-27 350% 65% 2 Used unl Pe 9.635 345-5x7%2 eos 
Proposed 1006 (1 -012+1) 103-5 K eee 126 
K Value 19-27x 1-012 9.635 x 3-025 
“Rule” Resa O12 ee Vo? = 176592 = 4-46 | R°? = 3-025%7=1-248 V2 = 870°? = 3.88 
K Value S15 = 45115 = 80 StS = 60'S == 110 S's = 45115 = 80 
6:15xStx +9 Se ORD ie Roe 6-15x Ss 6-15 xS'!x RO? x -9 
yor K yor ver yor 
6°15 80x -9 6-15x 80x 1 6°15x110 6:15 80 1-248 -9 
4-46 4-46 3-88 3°88 
99 +3 110 174 142-5 
Since maximum K value permitted En 9 clutch gears at 
45 1T/m" is K = 95 for gears in double mesh and K = 105 
for gears in single mesh gear No. | should be of a suitable 
alloy steel of tensile strength not less than 47 T 
i.e, Si = 47115 = B4 
K = 6:15x 84x -9 = 104 
4-46 
Gear No. 2 is satisfactory Satisfactory Satisfactory 
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APPENDIX 4 


(with acknowledgment to A. E. Toms, B.Sc.) 


Compound Shrink 


In some cases pinions and small wheels are 
made by shrinking a steel shroud to a solid centre 
shrunk to a solid steel shaft. In such cases the 
calculations for hoop stresses are as follows: — 


eft fal 


A.==Shrink allowance at d,( Souk ai) 


thousand 


Parts per ) 


— Gs od H e ¢ “@ 9 . 
rset ek at I allowance at d, ( shomand 


Gs 


I. SAME MATERIAL THROUGHOUT 
(1.£., STEEL CENTRE) 


(a) At outer interface—Stresses in outer rim 
eat 
1. Hoop stress=E ! dk MIA ar 
[{k°—1] 
2k 


(b) At inner interface—Stresses in centre 


2. Grip stress =E Pe Le Nact Paes) 


1 
3. Hoop stress=E 3k? * 1k— DA Pal 


| 
ape XK?) A, +K—P) Aa] 


II. CENTRE OF Cast IRON 


4. Grip stress=E 


E, (steel) =2 E, (cast iron) 


(a) At outer interface—Stresses in outer rim 
1. Hoop stress= 
Be 4k? 1) sc (Bie 13) A 16l2 No 
123k 25 (135k4=—39) (1 —P) 
2. Grip stress= 
Bex 4k? 1) ix [Gia 1S AE 6le A 3] 
128k*-+- (15k*—39) (1 —F*) 
(b) Inner interface—Stresses in cast iron centre 


3. Hoop stress= 


Be 4 Se Hl Oct) ANG (1s kt? 2 ISP 3) NaI 


128k?+ (15k?—39) (1—/?) 
4. Grip stress= 


E, x4 x [16(k?—1)A , + (11k? +5k2/2?—132—3)A,] 


128k*4-(15k?—39) (1—7*) 

The hoop stress is calculated on the maximum 
shrink and the grip stress on the minimum shrink 
for both members. 

It is usual to calculate the shrink in parts per 
thousand. 


APPENDIX 5 


(with acknowledgment to A. E. Toms, B.Sc.) 


The problem of centrifugal stresses in gear 
wheels, in a simplified form, can be reduced to 
the consideration of two cases. 


Case (a) The shroud on a rim. 


Case (b) |. The shroud on a dise with central hole 
or 


2. The shroud on a solid disc, 


and giving the following formule. 


CASE b2 CASE O Cast bi 


I. Hoop STRESSES IN SHROUD 
Hoop stress in shroud at root of teeth (all cases) 
aN x w" xX Ri > = 7 
Py = 4 ¢ (1 o,) et 20): k?-+-(3—26 ,)] 
Hoop stress in shroud at interface (all cases) 
__ WX o* x Ri? => Kee (1—2 
Py = 75 01 =e 207) Kea (li—2o70)] 
Il. Hoop Stress IN CENTRE AT INTERFACE 
Case (a) and Case (b,) 
W Xo? x Ri? 


—— 2« 2\(3—2o. 
oar ary -9,) 20.) Fl? (3—20,,)) 


Case (b.) 
Wwxo?xR? (1—2¢,) 
Pp, = - x (1 - 
4g (l—a,) 
III. Hoop Stress iN CENTRE AT BorE OF Hus 
Case (b,) 
W Xo? x RP 


= — {72 > 
Py =4 rs ia PLS Nay AUS 


IV. INCREASE IN INTERNAL RADIUS OF SHROUD 
(AT INTERFACE) 
W X w” X Ri? 
= 3+ k2 
We o. By [( o,) k*+(1—<,)] 
V. INCREASE IN EXTERNAL RADIUS OF CENTRE (AT 
INTERFACE) 
Case (a) and Case (b,) 
W X wo? x Ri? 


i = Age Be Tae alae) 
Case (b.) 

U W X w” x Ri? | 

J ,= 4g5. [( o,)] 


where U=radial displacement, in inches. 
w=density °283 lb./cu. in. 
»=angular velocity, radians per sec.’. 
g=32°2 x 12=386 in./sec.?. 
E.=modulus of elasticity of shroud. 
E.=modulus of elasticity of centre. 
E steel =30 x 10° Ib./sq. in. 
E cast iron=15 x 10° Ib./sq. in. 
o.=Poisson’s ratio for shroud, 
o,.=Poisson’s ratio for centre. 
o.—0 -0°3 
Ri=radius at interface. 
from which a general picture of the stresses 
imposed can be obtained. 
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CASE-HARDENING STEELS 


NITRIDING 
STEELS 


THROUGH-HARDENED STEELS 


MATE 


En 37/38 


En 39 


En 320 


En 325 


En 40 


En 40c 


En 41 


DESIGNATION 


30°’ Carbon 
“40” Carbon 
50" Carbon 


55” Carbon 


60" Carbon- 
Chromium 


1% Ni 

Mn Ni Mo 

1% Cr Mo 

3% Ni 

34% Ni 

3% Ni Cr 

14% Ni Cr Mo 
24% Ni Cr Mo 
24% Ni Cr Mo 
3% Ni Cr Mo 
34% Ni Cr Mo 
3% Cr Mo 


44% Ni Cr Mo 


% Ni Mo 
2% Ni Mo 
3% Ni Cr (Mo) 
5% Ni (Mo) 
44° Ni Cr (Mo) 
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APPENDIX 6 


CHEMICAL COMPOSITION 


V-1--3 T 570-650 


Al.-9-1°3 


HEAT TREATMENT 
°C 


N or O.H. 860/890 
T 550/660 


N or O.H. 830/860 
T 550/660 


N or O.H. 810/840 
T 550/660 
N or O.H. 810/840 
T 550/660 
O.H. 800/850 
T 500/700 
N or O.H. 830/860 
T 550/660 
O.H. 850/890 
T 550/660 
O.H. 850/880 
T 550/720 
O.H. 830/860 
T 550/650 
O.H. 830/860 
T 550/650 
O.H. 820/850 
T 550/660 
O.H 820/850 
T } 660 
O.H. 820/850 
T } 660 
O.H. 820/850 
T }. 660 
O.H. 820/850 
T 550/660 


O.H. 820/850 
T 500/660 
O.H. 880/910 
T } 750 


A.H. or O.H. 810/830 
T }. 250 
Carburise 880-930 


Refine 850-880 
Harden 760-780 


= Do = 
=Doe— 
= Do— 


=e == 
== Dae 
T } 200 


C 880-930 H 800-820 
R 840-880 T > 200 


C 880-930 
R 850-880 H.770-800 


O.H. 880-910 
T 570-750 


O.H. 900-940 


St ¢ 520 


St + 520 


O.H. 880-910 
+ 550-720 St + 520 


TENSILE STRENGTH 


RULING 


6" oa 


N - 35 
OH&T 40 
H&T 

40 

H&T OH&T 
45 50 


OH&T 
45 


N&T OH&T 
40 50 


JH&T 
60 


SECTION 


OH&T 
55 
OH&T 
50 


OH&T 
55 


OH&T 
65 


H&T OH&TIOHETIOHET 


55 60 


65 70 


H&T OH&T OH&T 


65 70 


Re r|OH&T 
80 100 


100 


H&T OH&T 


65 70 


IRE T OH&T/OH&T 


65 70 


IH&T OH&T 


60 65 


JH&T 
100 


55— 


Without Mo 55 


With 


Mo 65 


Without Mo 40 


With 


45 50 


Mo 65 
85 


APPENDIX .6 
APPLICATIONS 
NOTE 
Turbine Gears H. O. Engine Gears 
Minimum 
Specified 
Wheel Rims & Shafts U.T.S. not to 
Exceed 
AS ci 
: . Clutch Gears Shafts 
Wheel Rims & Shafts hese 
Epicyclic Annulii 
Wheel Rims 
Wheel Rims (& Pinions) Pinions & Wheels 
Pinions 
Pinions 
; Mo is optional 
Wheel Rims Specify {. -2Mo 
Pinions 
Wheel Rims _ Pinions & Wheels 
Couplings & Shafts 
Pinions Couplings Pinions a wheels 
Shafts 
Pinions Couplings . 
Shafts Pinions & Wheels 
Pinions 
Wheel Rims 
Wheel Rims Wheel Rims 
Re a 
ini itriding Steel 
Pinions Sea Ee 40 
; ; I 
Wheel Rims Wheel Rims Seu aeee 
Wheels 
Wheels 
Pinions Pinions & Wheels 
Epicyclic Sun Pinions a 4 
& Planet Wheels Pinions & Wheels 
Wheels 
Pinions & Wheels 
Epicyclic Sun Pinions Epicyclic Sun Pinions “Nitralloy” 


& Planet Wheels & Planet Wheels 
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INDEX 


Accuracy of Gear Cutting, 34 Pitch, base, 41 

Addendum, 41 » circle diameter, 39 
circle, 39 » common plane, 39 
distribution, 41 » diametral, 42 

Angle, helical, 43 . line velocity, 43 

pressure, 40, 43 » normal, 42 

Articulated gear, 8 » surfaces, 39 

Backlash, 12 » transverse, 42 

Base diameter, 40 Post-hobbing, 41, 43, 44 

Case-hardened gears, 8, 11, 36 Power rating, ahead, 3 

hardening, 36 » os astern, 4 

Centre distance, 43 Quill shafts, 8 

Chamfer, 3 Reduction ratio, 13 

Compound shrink, Appendix 4 References, 38 

Conjugate teeth, 39 Relative radius of curvature, 1 

Contact ratio, 41 Rules, 1946, | 

Couplings, fine toothed, 32 Ruling section, 36 

Dedendum, 41 Slide-roll ratio, 41 

Deflection, pinion, 3, 9 Spur gears, 11, 14 

Dynamic loading, 8 Stress, bending (Archer), 10 

End relief (tapering), 3 re 4 (Lewis), 11 

Epicyclic gears, 15 , centrifugal, 19, 29, 31 

Face width, see Fig. 7 » Hertz, 9 

Factor of safety, rims, 31 .. shrink hoop, 30-31 

“Fictitious” pinion tensile strength, 5, 9 ., Shrink grip, 30-31 

Fillet radii, 5 » relieving, 27 

Filling chocks, 18 Surface hardened gears, 11 

Gear cases, 33 Through-hardened gears, 6, 11 

Gear design, 17 to 37 Tip relief, 5 

Grip stress at rim, 31 Tooth profile, 5 


torque, 31 
Helical gears, 9, 15 


Torque, transmitted, 6 


: Trials, 35 
Hoop stress at rim, 31 


: = Se Types of gears, 7, 8 
Involute and involute helicoid, 40 dgialagae 


4KLS 49; 
K values, External gears, 6 ae ees a ; 
ALOR. géars, 11,12 Welding, differential preheat, 24 


preheat, 24, 25, 26 
joints, 23, 27 
Wheels, bolted, 28 
cast, 17 
shrunk on shroud type, 18-22, 30 


» >, Internal gears, 6 
Turbine gears, 6, 8 
Line of action, 40 
, contact, 40 
Materials, 5, 6, 11, 35, Appendix 6 


Modified, B.S.S. 436, 12 to 15, Appendix 2 & 3 » Shafts, 4 

Module, 42 3 thicknesses of shroud, 29 
Nitrided gears, 8, 11, 36 x welded, 20-28 

Nitriding, 36 Working depth, 41 


Overlap ratio, 42 - ,. to normal pitch, ratio, 41 
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Discussion on 
Mr. L. Teasdale’s Paper 


Gearing 


Mr. S. ARCHER 


Mr. Teasdale has, I think, done an excellent job 
in preparing this paper which will certainly repay 
study by all engineer surveyors, whatever their 
length of service. Gearing is a branch of engineer- 
ing which has an awkward habit of obtruding 
itself into practically all fields of application and 
sooner or later most engineers have to get down 
to it and try to master at least its rudiments and 
for that purpose, and as a work of ready-reference, 
Mr. Teasdale’s paper will serve admirably and fill 
a long-felt want. 

I fancy I am right also in saying that Mr. 
Teasdale is something of a pioneer, in that no 
other surveyor so far has had either the knowledge 
or, if they had, the temerity to write about gearing 
for the Staff Association! 

One of the paragraphs I personally like best in 
the paper is on page 1, Sth paragraph of “Brief 
History” (quote) “Prior to 1946 the Society had 
no rules for reduction gears . could be 
assigned the class notation 4% LMC”. Swamped as 
we often are to-day by the brain children of a 
multiplicity of gearing designers, few of whom 
seem ever to have heard of Lloyd’s Rules, I must 
confess at times to a nostalgic yearning for those 
earlier, less complex days! What rule could have 
been simpler for a Plans Department to ad- 
minister! It is, in fact, the ‘Ideal Specification” 
for gears. 

There are just a few points I would like to 
comment upon. 

At the end of the first section of the paper, 
“Brief History”, the Author refers to the original 
Parsons rule for tooth loading, P=70d, and cor- 
rectly points out that this applied to pinion p.c.d’s 
up to 10 in. For pinions exceeding this size, such 
as for second reductions, it was found that the 
linear rule gave too high loading for the state of 
gear-cutting accuracy then existing in this country 
and in consequence a modified rule, P=C /d, was 
introduced for pinions with p.c.d’s above 10 in. 
where C was a coefficient varying from 180 to 
about 220. This latter rule was based on Admiralty 
practice and took some account also of oil film 
theory as advanced by Martin*, who showed that, 
using the equations of Osborne Reynolds, the oil 


* Martin, H. M., ‘‘Engineering’, 11th August, 1916. 

_+ 28th Thomas Lowe Gray Lecture—Trans. Inst. of Mech. 
Engs. 20th June, 1956, ‘“‘Marine Reduction Gearing’, by A. W 
Davis, B.Sc a 


film pressure for a constant mean rolling velocity 
and oil film thickness should be directly propor- 
tional to the square root of the mean pinion radius 
of curvature, i.e., 


a“ Us V R 
V ho 3 


It was comparatively much later before practice, 
largely following U.S. designers, swung towards 
the purely Hertzian basis which underlies the 
Society’s present “K value” formula (see Author's 
reference (9) for example). This is, of course, in 
effect the old Parsons linear rule, but with the 
pinion diameter corrected for relative radius of 
curvature as expressed by the reduction ratio 


Pp 


function, . Since, however, the value of R 


ai 

is much the same, say 5—7, in both first and 
second reductions of conventional double reduction 
gear boxes, the curious result is effectually to revert 
to the original linear formula of Parsons. In order, 
however, to face up to the well-known fact that 
even to-day, with vastly improved gear-cutting 
accuracy and super finishing by lapping or shaving, 
a second reduction gear train will not stand as 
high a specific tooth load before pitting as will a 
corresponding first reduction gear even when 
account is taken of pinion diameter, the simple 
expedient has been adopted of reducing the co- 
efficient K from about 80 for first reductions to 
about 67 for second reductions. 

None of the formule discussed took account 
of pitch line speed, of course, nor of its effect on 
oil film thickness and hence load-carrying capacity, 
and probably this did not matter much so long as 
primary and secondary pitch line speeds remained 
fairly constant at, say, 8,000 to 10,000 ft./min. and 
2,500 to 3,500 ft./min., respectively. To-day, on 
the other hand, when primary speeds are reaching 
values undreamt of 30 years ago (for example, 
18,000 ft./min. is quite within advanced current 
practice) there may well be a case for introducing 
a velocity factor into the tooth loading formula. 

Authorities differ as to the form this velocity 
factor should take. For example, Davist, on 
somewhat flimsy grounds, has suggested the allow- 
able load should be proportional to the revolu- 
tions per minute to the one-sixth power, citing 
Martin’s work as a basis in conjunction with the 
semi-empirical formula (founded on_ service 
experience) 


J jand b=a coefficient. 
Others, such as Prof. Blok in Holland, tend to 
discredit Martin as being out of step with modern 
hydrodynamic oil film theory, whilst in the United 
States a variety of empirical velocity factors are 
current, as, for example, given by Earle Bucking- 
ham (Author’s reference (1)). More recently Sykes 
(David Brown) has put forward a combined 
velocity and fatigue formula which tends to give 
less credit for reductions in speed at the lower 
end of the range as compared with the present 


P=b d.® where d.=d x 


velocity factor in B.S.S. No. 436 (1940). The new 
speed formula is of the form: 


N+n]®!s 
~ =[taa00 | 


i.e., allowable load increases slowly with speed as 
expressed by r.p.m. This compares with, and is 
diametrically opposed to, the old X, speed factor 
of B.S.S. 436, namely 


I 
n0.2 


X, oc or 


| 
N0.2 

It does, however, line up fairly well with the 
Davis formula. 

Mr. Sykes attempts to overcome the pessimism 
of his new formula at low speeds by introducing 
what he calls a fatigue factor, U,. This empirical 
coefficient, when plotted log-log against number 
of repetitions of stress, somewhat resembles an 
S-N curve, except that it curves upwards at the 
lower speed end of the range whereas a typical 
S-N_ log-log plot would consist of a sloping 
straight line intersecting the horizontal asymptotic 
straight line (corresponding to the fatigue limit) at 
the well-known “knee” point. 

The resultant effect of the two coefficients in 
multiple is to produce a velocity/endurance factor 
somewhat as in the sketch, Fig. A. 


X. x U 
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Fic A SPEED 

It is a well-known fact that primary gears will 
withstand higher specific loads than secondary 
gears, even when the latter, although of larger size, 
are given equal accuracy and surface finish. Fur- 
thermore, experiments by a number of authorities 
have demonstrated, both with discs and with gears, 
that failure loads are higher at low speeds and fall 
to a minimum at a certain speed (dependent upon 
various other factors), thereafter increasing with 
speed. The explanation would seem to lie in the 
fact that at low speeds the oil has a reasonably 
high viscosity since the rate of shearing of oil 
films, churning, etc., and hence heating, are less 
than at higher speeds and, furthermore, inertia 
loads vary as the square of the speed. As the speed 
rises, both heating and inertia loads increase, 
leading to reduced oil film thickness and conse- 
quent lower failure loads. Beyond a certain point, 
however, the inertia and heating effects appear to 
be outweighed by increased oil film pressure which 
augments the oil film thickness and viscosity and 
hence raises failure loads. 

The problem is to find a suitable velocity 
function to express this somewhat complex inter- 
play of several variables. 


I have thought it desirable to set down the fore- 
going comments on speed factors at some length, 
since the Author has concentrated entirely on the 
old B.S.S. 436 X, velocity factor (see for example 
page 13, and Graphs 3, 4, 5 and 6 of the paper) 
and it is as well to realise the practical limitations 
of any single speed factor, however convenient or 
tidy it may be, mathematically expressed. 

As regards the mean curve derived in Graph 3 


430 , 
as Ns this is not really so surprising since the 


L.R. parameter, K, is directly related to the B.S.S. 


436 S. values by the approximate formula 
iw h 
=— jf = 0.636 
K 107° 1OF a 


Hence, if these K values are plotted against 
pitch line speed, they would be expected to agree 
with the general trend of allowable loads per inch 
and corresponding S_ values as given by B.SS. 
436, since they themselves were derived from that 
specification using the B.S. speed factor X, in the 


X.ZS- 
formula P= Kx 


Incidentally, the “K” in the denominator of that 
formula is not the same “K” as used by Lloyd’s 
Register as a load factor. It is actually a pitch 
factor, K=(D.P.)°-§. This clash of notation is un- 
fortunate and could lead to awkward mistakes by 
the uninitiated. 

I should appreciate Mr. Teasdale’s comments 
on the foregoing. 

I would like to congratulate the Author on his 
treatment of the tooth bending fatigue stress com- 
putation. In particular, his Graph | represents a 
very useful “short-cut” tool as a means of assess- 
ing whether the full calculation is necessary. It 
should be understood that the limiting “Q” values 
quoted are only tentative at this stage since they 
are based on relatively few cases of actual tooth 
failure, some of which could be accounted for by 
factors other than normal operating stress such as 
vibration, misalignment, material defects, ete. 
Nevertheless, the values given do represent the 
limits of current good practice and any large 
deficiency should be carefully watched. In such 
cases it is the practice to draw the gear makers’ 
attention to the departure from normal practice. 

Concerning the use of cast steel for gear wheels 
with the teeth cut directly into the casting, as the 
Author states, only a very few firms favour this 
method of manufacture, the largest probably being 
an old-established company in the U.S.A. who 
have developed a particularly fine foundry tech- 
nique (see for example, Fig. 15 showing a 15 ft. 
diameter cast steel wheel welded together circum- 
ferentially in two halves). 

I am reminded of some early troubles with cast 
steel gears (D.R.U.S.A. gears) manufactured in 
this country during the last war to go into emer- 
gency programme cargo ships building in the 
U.S.A. The Americans were very upset because, 
due, no doubt, to the urgency of delivery, the 
fettling of the castings had left something to be 


desired, with the consequence that the gear case 
lubricating oil became contaminated with sand. To 
clean the castings properly would doubtless have 
required the removal of the wheels ashore for 
rumbling or shot blasting, etc., so with typical 
American objectivity the solution adopted was 
simply to weld up all the lightening holes in the 
gear Wheel side walls using thin steel plate with 
the gears in situ. The consequence, which might 
perhaps have been foreseen, was that wholesale 
cracking of the castings occurred, with unfortunate 
results! 

Among the outstanding features of Mr. 
Teasdale’s paper is undoubtedly the excellence of 
its prolific illustrations, all of which, I understand, 
were executed by the Author himself. It would be 
hard to recall a better illustrated contribution to 
the Transactions and the time and labour involved 
must obviously have been very considerable. 

Another valuable item is the table in Appendix 
6, listing in detail chemical composition, heat treat- 
ment and mechanical properties, with appropriate 
applications, for a large range of gearing materials. 
This will be of much help, both to outport and to 
headquarters staff. 

Finally, although only a small point, the Author 
has broken new ground by providing a short index 
of contents, an example which might well be 
emulated by other authors, at least for papers as 
comprehensive as Mr. Teasdale’s “Gearing”. 


Mr. A. E. TOMS 


Mr. Teasdale is to be congratulated upon the 
thoroughness with which he has tackled the monu- 
mental task of withdrawing the veil that, for some 
unaccountable reason, has tended to surround the 
subject of gearing with an aura of mystery. It will 
be of great benefit to those of us who are now, or 
may become, other cogs in the wheel! 

Of necessity, the subject has been considered 
more and more a mathematical problem and in 
this fact I see an obvious disadvantage. It does 
not seem much use to calculate various factors to 
a great degree of accuracy to ensure the gears 
mesh correctly, at least on the drawing board, and 
then fit them into a gearbox or structure which 
may flex all over the place. It is no good merely 
making the mathematics fit the problem or vice 
versa. Both should be lapped together in the 
machinery of experience, on board ship and in the 
laboratory, whilst the discrepancies are progres- 
sively reduced. 

There are almost as many opinions upon what 
constitutes a good gear as there are designers and 
the Rules have to take account of this fact. To me, 
it appears no part of their function to design 
every detail but they should be rigid enough to 
guide the manufacturer away from the bad 
features whilst allowing sufficient flexibility so that 
progress is never stifled thereby. Inevitably, there 
are gaps in our knowledge which must be filled 
by guesses, inspired or otherwise. There is, of 
course nothing wrong with this as long as the 
guesses are substantiated, or changed as necessary 
by experience. 


I propose to comment mainly on the mathemat- 
ical sections of the paper looking towards the 
future rather than dwelling too much on the past 
or the present. 

In the paper, Mr. Teasdale has described the 
evolution of the Rules for turbine gears to the 
present day. About 20 years ago it was generally 
recognised that the roughness of a tooth surface 
would only provide contact on a series of un- 
evenly distributed points. In the interim, the 
publication of a series of papers pointing out the 
effect of errors and the designing of appropriate 
measuring devices have led to the insertion of 
paragraph H512 of the Rules with reasonable 
confidence that such tooth contact as required 
therein can be achieved easily with good work- 
manship. In view of this, it is natural that higher 
loadings than previously permitted should be con- 
templated. However, this also means that at each 
new step the basis of the theory must be reviewed. 


The fact that the present Rules are based upon 
a linear variation with the U.T.S. of the material, 
has led some people to the belief that the Hertz 
stress, which allows variation as the square of the 
U.T.S. does not apply to gear teeth. The basis for 
this argument appears to be that the results pub- 
lished by Hertz, some 80 years ago, applied to 
static tests of dry cylindrical surfaces pressed into 
contact, whereas the gear tooth in mesh acts as a 
dynamic lubricated surface whose radius of curva- 
ture is continually varying along the line of con- 
tact. This is surely a case of “throwing out the 
baby with the bath water”. 


The K value is solely a comparative function 
indicating the likelihood of pitting in a gear mesh 
and taking no direct account of variation in 
lubrication, etc. The Hertz stress, although it may 
not give the true absolute value of surface stress, 
is nevertheless, equally capable of use for com- 
parative purposes. Exhaustive tests carried out in 
America and Russia have indicated the shear 
stress occurring below the surface layer. That 
which we loosely term as line contact in a pair of 
helical gears results in an ellipsoid of stress with 
the maximum shear stress occurring below the 
surface at a depth approximately equal to 40 per 
cent of the total width of the band of contact. 
This is directly in accord with the Hertz theory. 


The present K values for turbine gears are due 
to the natural conservatism of gear manufacturers 
and owners coupled with the lack of the exhaustive 
tests necessary before changes can be made. 

Considering the formule quoted in the paper 
for K values for heavy oil engines as given on 
page 14, it appears to me that they still suffer from 
the original sin of B.S.S. 436 on which they are 
broadly based. Pinions and wheels are manufac- 
tured separately, but their essential purpose is to 
run together in pairs. Surely, that means that any 
code must take this into account. Instead, both 
436 and the present formule consider a mating 
pinion and wheel in splendid isolation from each 
other. A simple case of “plus ¢a change plus la 
méme chose’. 


The word “incompatibility” is mentioned in the 
paper on page 5. This was a cause of much heart- 
burning amongst gear designers a few years ago. 
As implied in the paper, it appeared that whilst 
manufacturers stuck to the conventional 3} per 
cent nickel steel pinion meshing with a carbon steel 
wheel they were all right, but when they used 
alloy steels in both elements trouble began. It 
should be borne in mind, however, that although 
results with heat treated nickel chromium pinions 
and wheels running together have been sometimes 
disappointing, case-hardened pinions meshing with 
normalised carbon steel wheels have generally 
been satisfactory. Any formula that takes no 
account of both meshing materials as a pair will 
not give a clue to this phenomenon. 

Probably the most interesting of some 40 papers 
presented at the International Conference on 
Gearing held at the Institution of Mechanical 
Engineers in September, 1958, is Paper 21. Having 
been written by a metallurgist, W. T. Chesters, it 
may not have received its due publicity in the 
face of papers written by acknowledged gearing 
experts. However, it must have cut across many 
preconceived ideas and I believe it gives a clue to 
this so-called “incompatibility”. 

Considering the results in that paper, it appears 
that when the surface conditions are sufficiently 
diverse, e.g., case-hardened against normalised or 
through-hardened steels, the load to cause pitting 
is proportional to the square of the U.T.S. of the 
pitted element. This, of course, agrees with the 
Hertz theory. The same is true for both elements 
case-hardened but the load is lower when both are 
through-hardened. 

Using all Chester’s results for through-hardened 
materials, | have arrived at the following formula: 


100—Sin 
So=( Cc 


where S, =U.TSS. of material considered (t.s.i.) 
S,=U.T.S. of mating material (t.s.i.) 
C =42 for both surfaces normalised 
=56 for surfaces where only one is 
normalised 
=70 for both surfaces oil-hardened or 
air-hardened 

This formula gives credit to the well known 
plasticity of the normalised carbon steels which 
is ignored completely in B.S.S. 436 and it appears 
to take more account of the fundamentals than 
the S15 quoted on page 13 of the paper. 

When considering the K value, since pitting is 
a form of fatigue, it seems somewhat unrealistic 
to consider the core U.T.S. of the case-hardened 
element when the effective case depth is of the 
order of 0:030 in. If the material is not capable 
of proper case-hardening it should not be used. On 
the other hand, if it is so capable, then the S 
value of the meshing material is proportional to 
the square of its U.T.S. When the meshing 
material is itself case-hardened, surely the U.T-.S. 
value of 120 tons per square inch should be used 
since that, in general, is the value taken to deter- 
mine the effective case depth. 


) x Se? 


Since nitriding may not give sufficient depth of 
case, and flame-hardening or induction-hardening 
often gives irregular distribution of the hardened 
layer, it is reasonable that they should be con- 
sidered somewhere between the through-hardened 
and the case-hardened elements as in the paper. 

In view of the cogent reasons for a differential 
hardness between pinion and wheel teeth in order 
to obtain maximum efficiency from the materials 
as given in the paper on page 5, it would appear 
reasonable to base any formula on the larger 
element only, i.e., the smaller U.T.S. 

As an example, taking hardened and tempered 
materials in both elements and using similar 
variations of speed and size factor as in B.S.S. 436, 
the following formula has been devised : — 

24+-R 
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smaller gear r.p.m. 
larger gear r.p.m. 
N=r.p.m. of larger gear 
S,=U.TSS. of smaller gear (t.s.i.) 
S,=U.TS. of larger gear (ts.i.) or 


where R= 


e ® S, whichever is the smaller. 

When normalised materials are used, the con- 
stant 18, in the denominator, may be reduced. 

This type of formula has the advantage of 
requiring one calculation instead of two as for 
the method on page 14 of the paper and also 
places the responsibility for inaccuracies in gear 
cutting, inertia loads and malalignment, etc., 
where it belongs and not on the U.T.S. as in B.S.S. 
436. 

Whilst believing that the factors in B.S.S. 436 
and graph 5 of the paper give too great a varia- 
tion in favour of the lower pitch line speeds, it 
should be possible to devise a similar expression 
for both oil engine and turbine gears after further 
research, in conjunction with the C.E.S.R. depart- 
ment and information from Surveyors in plans 
approval ports throughout the world. 

For those familiar with B.S.S. 436 it will be 
noted that whereas that Standard quotes a figure of 
0:75 for the ratio of permissible loading for a spur 
gear compared with a helical gear, the paper on 
page 14 gives a figure of 0°6. The following may 
be of interest in this connection. 

H. Walker, in an article published in “The 
Engineer” in 1946, pointed out that, provided the 
face width of a helical gear is equal to or greater 
than one axial pitch, the total length of the line 
of contact in a helical gear is always greater than 
the minimum length of contact on a spur gear. 
This indicates there is no gradual merging of a 
helical gear into a spur gear when the helix angle 
is reduced. He quotes the ratio of the maximum 
surface stress in a spur gear to the helical gear for 
the same tangential loading and size as 
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where a=ratio of load per inch of line contact 
at pitch point to mean load per inch 
of line contact on the helical gear. 

Earle Buckingham quoting the American code 
based on the dynamic load which, although com- 
plicated to calculate, gives a ratio of helical to 
spur approximately proportional to the cosine of 
the helical angle for the same conditions for both 
gears regarding centre distances, ratios and tooth 
form, including errors. His formule reduce to a 
ratio of spur to helical of 

a 
mp 
where mp=contact ratio of helical gear 
O=helix angle 

This formula agrees with that which can be 
obtained by applying the theory in Mr. Archer’s 
paper read at the Institute of Marine Engineers in 
1956. 

For a helix angle of 30°, an average contact 
ratio of 1°5 and a value of “a” equal to 1-2 (a 
figure quoted by Walker and substantiated by Dr. 
Davis in his Thomas Lowe Gray lecture in 1956) 
all three works give a ratio of 0°6. 

Finally, on the subject of the use of B.S.S. 436 
many people in this country claim justification for 
it in the fact that such formule give reasonably 
satisfactory results, on average. This would be 
valid if everyone designed to this same basis, but 
a perusal of plans dealt with in the Society shows 
that outside the United Kingdom this is not so, 
whereas the chances of success are reasonably the 
same. 

Regarding shrunk-on shrouds there are a few 
points which appear to need amplification. The 
practice of doubling the “rim” thickness of the 
wheel centre is based mainly on a cast iron centre 
of the type shown in Fig. 16 and it would be help- 
ful to check the accuracy of such an assumption 
if more wheels were gauged before and after 
shrinkage in sufficient detail to determine the 
actual average grip stress. I believe this detail of 
measurement to ensure accuracy of average strain 
is the background to Mr. Teasdale’s statement in 
paragraph (e) on page 30 of the paper, since 
Lamé’s formule are, of course, in line with 
Hooke’s Law. 

The design of a shrink fit should first of all be 
concentrated on ensuring that the initial shrinkage 
is adequate to overcome any tendency to slip. The 
nominal factor of safety quoted on page 31 may 
appear to be rather high, but it should be borne in 
mind it is calculated on the basis of uniform load- 
ing around the periphery, whereas the loading on 
the gear at any instant is very localised. Some 
authorities believe that above a certain minimum 
interference fit, no advantage in holding power is 
gained. This is surely only true where the centre 
is weak enough to deflect locally under the load. 
In these circumstances, the implication on page 31 
that the shrinkage alone may be inadequate for 
normal operation is rather surprising from a 
design point of view. Surely the use of dowels 
should be as the second line of defence to take 
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care of excessive loads which may occur occasion- 
ally, but are not sufficiently common to warrant 
extra strength and shrinkage requiring uneconomic 
metal content. It appears to me that a good design 
of gear requires sufficient “meat” in the centre to 
ensure that the inevitable non-uniformity of grip 
stress in a wheel will still be safe. 

Again, having regard to the localised loading 
and the fact that a single dowel may be called 
upon to withstand practically the full load at any 
instant, it appears that radial dowels are very 
inefficient by comparison with axial dowels. This 
is a very important point since the fitting of 
dowels may alter the conditions obtained in the 
initial shrinkage, even if only locally. Thus the 
number fitted whilst giving adequate safety to the 
wheel should not be excessive. 

As in many spheres of life when conflicting 
factors are present, I believe the British spirit of 
compromise has given to gearing the best solution 
for shrinkages—a moderate though adequate 
shrink fit and a moderate number of dowels. 

I would appreciate Mr. Teasdale’s comments 
on all the foregoing points. 


Mr. N. CHAMBERS 


I have read with interest Mr. Teasdale’s paper 
on gearing, and he is to be congratulated on his 
presentation of the subject. 

There are at present under construction here 
large sets of gearing having wheels of all-welded 
construction (no shrunk-on rim) and in this con- 
nection [I would like to make the following 
observations. 

I endorse his remarks that the welds should be 
of the full-penetration type. I don’t think anyone 
can be fully satisfied about the design of a weld 
which when cross-sectioned and etched indicates 
a built-in crack, such as is obtained with a 
separate backing ring not subsequently removed, 
or a stepped joint to form a backing ring. 

The welding of the rim to the discs has been 
carried out here with the rim at a temperature of 
220 to 240° C. and I have been surprised how the 
temperature of the adjacent air can be kept to 
reasonable working limits by the use of asbestos 
mats. 

Mr. Teasdale states that the normal method of 
manufacture is to fabricate the hub and side plates 
and then complete the rim to side plates last. This 
is probably the best method when only two side 
disc plates are used, but when three or four plates 
are involved, it is not a practicable method. Each 
disc should be welded in turn first to the hub then 
to the rim, the welds being completed, dressed 
X-rayed and crack detected before proceeding with 
the next disc. This sequence of assembly also 
allows machine welding to be carried out with the 
wheel mounted on a turn-table. 

The method of depositing low carbon steel weld 
material on a high carbon steel rim as carried out 
by the U.S. de Laval Co. has much in its favour, 
especially from the practical point of view. Can 
Mr. Teasdale tell us the thickness of the low 
carbon weld deposit? 


Is the insert method adopted in preference to 
building up in order that good X-ray films can be 
taken of the rim? 

Mr. Teasdale’s remarks regarding examining 
large fabricated wheels for cracks are concurred 
in, although I prefer fluoroscopic detection as it 
readily reveals any surface crack even where 
access for magnaflux detection is difficult. 

I am of the opinion that in welding, any cracks 
near enough to the surface to be detected with 
magnaflux, usually extend to the surface. 


Mr. E. L. GREEN 


In my opinion, the time and preparation which 
the Author must have spent on this paper merits 
its careful perusal as it contains a great deal of 
useful information in a compact form. I offer the 
following contribution to the discussion : — 


SINGLE REDUCTION GEARED INSTALLATION (page 1) 


The Author states that single reduction geared 
installations are now seldom manufactured and 
although this may be so in the general case, it is 
interesting to note that the new liner France, built 
by Chantiers de l’Atlantique at Saint Nazaire for 
the Compagnie Générale Transatlantique, is in 
fact equipped with quadruple screws each driven 
by four sets of turbines (H.P., Ist M.P., 2nd M.P. 
and L.P.) through single reduction gearing. The 
power transmitted to each shaft is about 40,000 at 
165 r.p.m. The boiler pressure is 70 kg./cm.? and 

500° C. superheat. 

' It is understood that the main gear wheels are 
the largest ever cut (and shaved) in France for 
marine purposes; the diameter of each main 
wheel being of the order of 4 m.900 

The owners’ technical representative when 
explaining why S.R. gearing had been chosen, 
stated in effect, that preference had been given to 
the simplified drive for the following principal 
reasons : — 

(a) The comparative overall internal efficiencies 
of the four-turbine installation (S.R. drive) and 
two-turbine installation (D.R. drive) were con- 
sidered to be about the same. The four-turbine 
installation offered a greater range of steam 
expansion compensating the relatively higher 
blading efficiency and higher turbine peripheral 
speed of the two-turbine installation which would 
have been necessary to develop the same power. 

(b) Greater efficiency of single reduction gear- 
ing. 

(c) More robust pinion shafting and gearing 
since it was not considered that such a _ horse- 
power could be satisfactorily transmitted by two 
primary pinions of a D.R. gear and to employ 
D.R. gear would have necessitated doubling up 
on the primary train by the use of satellite pinions. 

(d) Shorter L.P. turbine with S.R. than with 
D.R. consequently less prone to deformation and 
more robust during manceuvring. 

The Author will know, of course, that whereas 
both the Queen Mary and Queen Elizabeth are 


equipped with single reduction gearing, the United 
States has double reduction gearing—all the above 
ships being of the same class and approximately 
similar power. 


THINNING OF THE ENDS OF PINION TEETH (page 3, 
Fig. 3) 

I would like to ask to what extent this is now 
carried out? In almost every case in my experience 
the gear-cutters have requested that this require- 
ment of the Rules be omitted; it has been pro- 
posed instead that the ends of the teeth be cham- 
fered at an angle of 30° to the pitch line and this 
has always been accepted by London “in this 
instance”. In such cases, the increased chamfer has 
been carried out on the wheels as well as the 
pinions. 

Where thinning of the ends of the pinion teeth 
is effected I know of only two ways in which this 
can be readily carried out: — 


(a) By hand. 
(b) By use of the shaving cutter. 


I have only seen this done by hand when the 
resultant shape of the ends of the teeth was:— 


INSTEAD OF 
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as shown on page 3, Fig. 3. 

Would the requirements of the Rules be ful- 
filled by the above alternative to Fig. 3? 

From enquiries made here, there is now no 
gear-cutter in France who thins the ends of main 
propulsion pinion gear teeth although this require- 
ment was mandatory for French Naval Construc- 
tion before 1939 but is not now insisted upon. 


THICKNESS OF WHEEL SHROUD BELOW ROOT OF 
TEETH (page 29 ef seq.) 


The minimum thickness of wheel shroud as 
given on page 29 and graph 7 is very interesting ; 
there is also a practical consideration to be taken 
into account and this concerns the manner in 
which the rim is manufactured. 

Many large wheel rims now-a-days are initially 
forged in the usual manner but finally finished by 
rolling. 

I think the Author will agree that a fully forged 
wheel rim possesses a better disposition of fibre 
and therefore, theoretically at least, a reduction 
of shroud thickness could be permitted. 


FLEXIBLE COUPLINGS (page 32) 


A reliable flexible coupling of the fine-toothed 
type and one which is reported to have given 
trouble-free service is shown in Fig. C. 

This coupling, manufactured by Messrs. Cie. 
Electro-Mecanique whose permission has been 
obtained to reproduce the sketch opposite, was 
evolved over the years from the simplified design ; 
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the special features of the improved coupling are 
the centring ring item 3 and the slight “barrelling” 
of the claw coupling teeth which is effected by 
shaving and results in a diminution of the thick- 
ness of the ends of the teeth, thus producing a line 
rather than a surface contact between the teeth 
of the claw member and its associated coupling. 

Much of the trouble in the past with flexible 
couplings has been attributed to improper or 
inadequate lubrication and the Author’s remarks 
concerning a copious oil supply to the teeth are 
fully concurred in. 

With the above type of coupling it will be seen 
that an efficient circulation of oil is achieved 
without drilling the teeth in the claw member. 

The material used for the coupling is a nitriding 
steel the teeth of which are surface hardened to 
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VHN 800/900. The claw member is of Ni-Cr-Mo 
heat treated and stabilised alloy steel. 


POST-HOBBING TREATMENT (page 41 ef seq.) 


As the Author states, the tooth profile as-hobbed 
is of the involute form but it should be borne in 
mind that excessive shaving or grinding is to be 
avoided and can distort the true involute form 
giving rise to unsatisfactory marking of the gear 
teeth in the meshing frame. 

For example, a_ satisfactory shaved surface 
should be obtained with two or three passes of 
the shaving cutter; should a satisfactory surface 
and marking not have been obtained or show no 
signs of improvement by then, it may be advisable 
to re-hob the teeth and subsequently re-shave. 


Mr. R. F. MUNRO 


To what has already been said and written I 
would like to add a few words of appreciation of 
this excellent paper which gives us such a clear 
picture of current Head Office practice in dealing 
with new submissions, and brings together a very 
interesting collection of modern design factors. 

It may be of interest to recall some of the 
measures adopted by a firm, building large turbine 
and oil engine gears in Germany. 

In addition to all tests which are carried out in 
accordance with Chapter P of the Rules, on 
forgings at the source, this firm subjects all pinion 
and gear wheel rim forgings to examination by the 
penetrant oil method under ultra-violet light 
(“fluoroscope”) both before and after cutting the 
teeth. 

This examination is also applied to the inner 
surface of the wheel rims when finish-machined, 
and in the event of positive indications being 
obtained they proceed to employ ultrasonic testing 
to determine the depth of the defect and its 
relation to the ultimate radial position of the teeth. 

The firm considers this routine inspection to be 
well worth while as an insurance against wasting 
hobbing time on material which may contain 
inclusions not otherwise revealed, and of course 
in way of the cut teeth it is a relatively quick and 
positive check on the actual working surfaces. 

On one occasion a main wheel of about 14 ft. 
diameter had been completed, the shrunk rim of 
which (EN8) had passed all the tests indicated 
above. However, when the fluoroscope test was 
applied to the finish-hobbed teeth more than 40 
small inclusions were detected on the tooth fianks, 
some of these defects having a chain effect which 
could well have led to cracks in service. 

The rim was rejected by the Surveyors and the 
Enginebuilders were in complete agreement but 
the Steelmakers’ Representatives were voluble in 
their arguments that the material was fit for its 
purpose. 

The matter was brought to an abrupt and force- 
ful conclusion by the Engine Work’s Director who 
applied a caulking tool to a carefully chosen tooth 
flank and with a few blows from a light hammer 
broke out a 2 in. portion of tooth which now 
reposes in his “chamber of horrors”! 

In case a false impression should be given of the 
present-day quality of gear forgings reaching the 
works in Germany it should be added that the 
above case was quite exceptional. 

On page 27 of the paper the Author refers to 
the risk of initiating a crack at the point of con- 
tact of the probe when using magnetic crack 
detection. He is referring in this instance particu- 
larly to the examination of welded wheels, but this 
risk applies whenever high amperage is employed. 

It has always been my practice to apply the 
probes before passing the current, and to break 
the current before moving the probes but even 
with these precautions it is not always possible to 
prevent an arc being struck. 


With this background in mind would the 
Author comment on the practice of employing 
magnaflux on pinion and wheel teeth, and his 
experience of using copper tips on the probes? 

On page 28 the Author refers to the Rule 
requirement that in wheels of bolted construction 
the nuts are not to be locked by welding. 

It would be most interesting if the Author 
could give some indication of the incidence of 
reported defects in these bolted connections, and 
if he would comment on the suggestion that the 
arrangement might satisfy all requirements if the 
nuts were welded to the bolts instead of to the 
side plate. Further, what would be the official 
attitude to the use of one or other of the “self- 
locking” nuts now on the market, and being used 
in certain connections by oil engine builders? 


Mr. W. A. COOK 


I have looked carefully through this paper and 
note with interest that the Author has given some 
space to the unique design of a fully fabricated 
gear wheel, illustrated on page 27, Fig. 28. 

So far as I know this fabricated design of gear 
wheel has remained trouble free and it is now over 
five years since the first sets were put into service. 

The Author’s description of the welding pro- 
cedure for this design of wheel is rather con- 
fusing and when comparing this with the detailed 
sketch of Fig. 28, which shows the weld edge 
preparation, it is difficult to understand where the 
copper backing strips are employed when the first 
side weld is performed from the inside face of the 
two inner diaphragm plates. Would the Author 
kindly comment on this point? 

The Author then goes on to say “the same pro- 
cedure is adopted for the two outer diaphragm 
plates except that the copper backing strips are 
omitted”. I should have thought that backing 
strips would be used to an advantage for the 
welded connections of the outer diaphragm plates 
owing to inaccessibility to accomplish a first side 
weld from the inside face of the plates, especially 
at the connection where the plates are joined to 
the wheel hub. 

Would the Author agree that more attention 
should be given to the quality and finish of 
material, intended for fabricated machinery com- 
ponents, than at present? Our colleagues at the 
steel works make certain that the material is up 
to the requirements for the mechanical and 
chemical properties but there’s nothing done to 
ensure that the material is reasonably free from 
harmful laminations or such like. I hope the day 
is not far off when the Rules will be so framed 
that the fabricator must satisfy the Surveyor that 
tests have been carried out, as most firms fight shy 
of using the ultrasonic testing device, or similar 
methods, in order to ensure that the material is 
sound. 

Regarding the inspection of weldings on com- 
pletion of the construction and after stress- 
relieving of machinery components, I advocate 
that all weldings, no matter of what importance 


they are, which cannot be examined by the aid 
of radiographs, should be approved by dye check. 
From experience this method has proved most 
valuable. Dye check is easy to apply and the 
detecting powder is most restful to the eye, a 
rather important point when one has a large 
number of various size and shapes of weldings to 
examine during one visit to a works. Many a nook 
and corner is formed in the structure, when the 
component is complete, which cannot be readily 
examined close up but, with dye check and a 
powerful light one can well satisfy oneself that the 
weldings are free from surface defects and harm- 
ful porosities. 

I find Appendix 1 most useful and instructive 
and I feel it has given many of us the explana- 
tion to a number of expressions used in gearing 
design which are not so clearly expressed in text 
books. 

The Author is to be congratulated for the mass 
of information he has crowded into this very 
instructive paper. 


Mr. G. S. PIDD 


This paper deals thoroughly with the design, 
construction and performance for the transmission 
of steady torque. However, failure of gears can 
be caused by vibratory torque arising from tor- 
sional vibration. 

For instance, the axial displacement of a gear- 
wheel rim could be caused by repeated impacts 
occurring up to, say, 1,000 times a minute. 

There is some reason to believe, however, that 
a suitable small quantity of gear hammer in the 
lower speed range may be somewhat beneficial 
and result in a work-hardened mating surface 
from which the small wavelength undulations have 
been removed. (Ref. 1.) If so, this would be 
another example where plastic yield has come to 
the aid of the engineer! 

There have been many measurements made using 
photo-elastic and strain gauge methods to evaluate 
transmission stresses on gear teeth. In the same 
way, it may be possible for the onset of gear 
hammer to be determined by measuring the elec- 
trical resistance between the gearwheels through 
the mesh using a cathode-ray-oscillograph or 
possibly a neon-type indicator or earphones. This 
may be difficult to achieve in practice as insulated 
bearings for the gear layshaft may be required. 

Some concern has been expressed regarding the 
intrusion of the shrink fit stresses of a gear rim 
into the region of the roots of the teeth. In 
accordance with Mr. Batten’s recent paper on this 
subject, it would seem that there have been occa- 
sions when an attempt to prevent this had been 
made by cutting smooth grooves between, and in 
a direction parallel to, the teeth. Does the Author 
think this achieves its purpose in practice? 

Regarding lubrication of heavily loaded high 
speed gearing, it was found by the Bristol Aircraft 
Co. (Ref. 2) that a decrease of power loss could be 
obtained if the oil sprays were situated to direct 
oil on to the teeth after the mesh had taken place. 


A larger part of the heat produced by contact and 
consequent deformation was thus removed before 
it could penetrate into the metal. Is that found to 
be the case with marine gears also? 


Ref. 1: “The running-in of engines: Choice of 
cylinder bore finish”. K. R. Williams and S. G. 
Daniel. Trans.I.Mech.E. 1955, Vol. 169, p. 58. 

Ref. 2: “Twin Centaurus Power Plant for the 
Bristol Brabazon”, Trans.I.Mech.E. 1951, Vol. 164, 
No. 3 p. 288. 


Mr. W. BLACKLOCK 


In the writer’s opinion it is essential for Sur- 
veyors who have not had the opportunity of 
working in the Engine Plans Department to be 
familiar with the background knowledge behind 
the necessarily brief statements in the Rule Book 
and the Author’s paper has the merit of supplying 
this information. The profusion of sketches and 
details indicating various types of construction are 
particularly useful to the local Surveyor who is 
probably only familiar with the gearing design 
details in his district. 

It is wholeheartedly agreed that end relief on 
pinion teeth still has considerable merit and it is 
to be regretted that this requirement was deleted 
from the present Rules. Whilst it is conceded that 
end chamfer affords some relief from bending 
stresses, an additional safeguard in the form of 
end relief is both necessary and desirable at the 
ends of teeth where the majority of tooth frac- 
tures occur. 

American opinion is believed to be against the 
need for end relief although it is interesting to 
recall that the results of an investigation by 
G.E.C.* into tooth fractures of destroyer gear 
pinions indicated that localised load concentration 
on the ends of the teeth resulting from high spots 
caused by loss of shaving cutter tension, where the 
cutter runs out when shaving wide face pinions 
and gears, was responsible for the failures. The 
application of end relief either by shaving or, 
more generally, by hand filing is a time-consuming 
operation, but the fact that it is still extensively 
carried out by gear manufacturers in the U.K. and 
on the Continent indicates a wide measure of 
support. 

The Author’s explanation of the need for tip 
relief strictly applies only to spur teeth since the 
first contact of helical gears occurs at the leading 
ends of the teeth and the appropriate compensa- 
tion is end relief. It is generally accepted, however, 
that tip relief is equally necessary on helical gears 
since a sharp edge may rupture the oil film and 
prevent the formation of an oil wedge during 
contact which could result in a razor edge being 
produced at the tips of the teeth. 

Excessive radial tip relief reduces the active 
tooth surface and consequently increases surface 
loading which in a number of cases has resulted 
in pitting, whilst tip relief may entirely disappear 


* “Progress and Operating Experience with Modern Ship 
Propulsion Gears’’—J. J. Zrodowski, S.N.A.M.E. 1957. New 
England Section. 


through prolonged lapping which can only be 
restored by laborious hand work. Accordingly, 
some guidance should be given to Surveyors 
regarding the amount of tip relief and the Author 
would do well to state the recommended values 
issued by Pametrada in his reply to this discussion. 


The approval of machinery installations for the 
maximum s.h.p. developed is not the only criterion 
and consideration should be given to operation at 
reduced powers having regard to the division of 
power between HP and LP turbines at reduced 
r.p.m. In many cases this gives rise to increased 
torque at the gears which cannot be regarded as 
a transient loading particularly at the present time 
when large tankers are operating at reduced 
speeds for economic reasons. This knowledge is 
also essential for calculation of acceptable r.p.m. 
in cases of derating through partial tooth damage. 

The writer may appear a little pedantic by 
taking exception to the use of the term “fictitious” 
in describing the pinion U.T.S.; perhaps there is 
an excess of fiction in engineering theories these 
days and any reference to it should be avoided. 
Maybe the Author would consider “compatible” 
a more acceptable term. 


With regard to the statement that the cast type 
of construction for gear wheels is the result of 40 
years’ development leaves one with the uncomfort- 
able feeling that it has taken a long time to 
produce a reliable design. 

From an examination of the various designs of 
gear wheel construction, the writer wonders why 
manufacturers in this country have persisted with 
the bolted type, since the cost must be prodigious 
in comparison to the well-proved fabricated 
design. The forging of the complicated internal 
contour of the gear rim must in itself be a par- 
ticularly expensive item. 

In connection with the shrinkage calculations is 
“d,”, in Figs. Nos. 33, 50 and 51 intended to be 
the diameter at the root of the teeth? 


Whilst the Author describes the nitriding 
process, it may not be out of place to enlarge 
upon the “Sulfinuz” process for increasing wear 
resistance of flexible coupling teeth. The com- 
ponents are immersed for about two hours in a 
salt bath containing cyanide and sulphur com- 
pounds maintained at a temperature of 570°C. 
During this time the sulphur diffuses into the 
surface up to a depth of 0:0005 in. and the 
nitrogen penetrates about 0°025 in. which impart 
a high resistance to scuffing and wear. Parts can 
be finished to size before treatment since distortion 
is negligible and there remains only washing in 
hot water and brushing off a light deposit before 
putting into service. 


Scuffing and wear tests carried out for purposes 
of comparison between the sulfinuzing, nitriding, 
sulphiding, phosphating and molybdenum disul- 
phide treatments indicated that the sulfinuz process 
gave the best results. 


It is agreed that the trials period is a critical 
time for reduction gears and the writer feels that 
Surveyors should insist upon an examination at 
about 25 per cent rated torque and it is empha- 
sised that this should be an extremely critical 
rather than quick examination. After at least one 
hour’s operation at 25 per cent rated torque, which 
represents about one-half full ahead r.p.m. at sea 
or one-third full ahead r.p.m. if tied up alongside, 
all tooth contact markings should be witnessed. In 
order to compensate for torsional and bending 
effects of the pinions under load, the marking on 
the tooth flanks should ideally be in accordance 
with Fig. D, and if anything less than 100 per cent 
contact is obtained after full power trials, which 
is usually the case, the markings should still follow 
the same general pattern. 

It is understood that E.P. oils were developed 
to provide increased resistance to scuffing by 
means of a molecular deposit when there is a 
danger of oil film breakdown at the teeth, but it is 
doubtful whether these oils give a measure of 
protection against pitting as the Author suggests. 
Pitting is essentially a material fatigue failure and 
the opinion has been held that the minute cracks 
which occur at the start of a pit are prone to 
attack by E.P. additives which actually have the 
effect of increasing the rate of pitting. 

The writer understands that one major oil com- 
pany has produced an additive for lubricating oils 
whose property is alleged to give both scuffing and 
pitting protection, but field experience to date has 
not yet reached the stage when the product can be 
marketed with complete confidence. 

The best insurance against pitting at the present 
is freedom from heavy local contact on the teeth 
and/or increasing the lubricant viscosity by main- 
taining the oil at the lowest temperature consistent 
with satisfactory bearing lubrication which in most 
cases is about 95° F. to 100° F. 

With regard to item No. 3 of the required 
physical properties of a pinion material, the writer 
feels that more attention should be paid to the 
Y.P./U.T.S. ratio which should not be too high. 
Plasticity is a desirable feature for a “soft” gear 
without helix correction, particularly in the early 
life of the gear, to assist in “bedding-down” hard 
spots and with material having a high Y.P. the 
higher load required for plastic flow may well 
introduce pitting before some relief is afforded. 
Perhaps the Author could give the Y.P./U.T.S. 
ratios of some of the more commonly used 
materials listed in Appendix 6. 

The reduction gear shown in Appendix 3 is in 
effect a locked-train gear and the writer wonders 
whether the Author is entirely happy about 
assuming that precisely half the total power is 
transmitted to each secondary pinion. Whilst great 
care is taken to balance the loading on high 
torque locked-train units for naval machinery it 
is very much doubted that the same procedure is 
carried out on small reverse-reduction gearboxes. 


PRIMARY GEARING 
Heavier contact marking to be 
disposed towards inner ends 
(i.e. gav ends) on both ahead 
and astern flanks. 


SECONDARY GEARING 
Heavier contact marking to be 
disposed towards inner ends 
(i.e. gap ends) on both ahead 
and astern flanks. 


For gearing having a relatively 
short face width in relation to 
P.C.D. the bending effect may 
be regarded as negligible and the 
heavier contact marking should 
be disposed towards the ends re- 
mote from torque input to com- 
pensate for torsional effect only. 


Filia. D 


AUTHOR’S REPLY 


To Mr. S. ARCHER 


The problem of finding a criterion on which to 
base approvals of gearing not exactly covered by 
the Society’s Rules is a vexing one. 

There are four main variables ; 

(a) Materials. 

(b) Number of repetitions of stress (fatigue). 

(c) Velocity of engagement (lubrication). 

(d) Size. 
and many other variables that cloud the picture 
such as accuracy of gear cutting, marking, align- 
ment, dynamic forces, etc., which are incalculables 
and difficult to legislate for in a simple formula. 

Whilst the examination of the B.S.S. 436 on a 
simple velocity basis representing factors (b) and 
(c) above is illuminating, it at least draws attention 
to the serious limitations of this standard and 
this method of approach. 

Accordingly, an approach as suggested by Mr. 
Sykes may provide a solution to the formulation 
of a rule which would incorporate not only the 


small, low speed, heavy oil engine type gear, but 
also the large high speed turbine reduction gear 
into a single rule. 


To Mr. A. E. Toms 


As a member of the Society’s Headquarters 
Staff, Mr. Toms is no doubt, also privileged in 
being able to consider things in splendid isolation. 
However, I do agree that some consideration 
should be given to the material factor based on 
both the pinion and wheel material on the lines 
indicated by Mr. Toms and also of basing the 
formula on the weaker element, the larger gear of 
the two. 

An important point in the consideration of 
shrunk-on wheel rims appears to be that whilst 
many of the plans submitted have the shrinkage 
stated, cases do occur where no measurements of 
the actual shrink fit are taken by either the 
Surveyors or the firm carrying out the work. 
Consequently, having regard to the number of 
“failures” in this respect, it is not surprising that 
shrink fits are looked on with scepticism. The 
dowels, therefore, are a necessary second line of 
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defence in any case where the shrinkage may be 
light or doubtful. In all cases a moderate shrinkage 
allowance coupled with a moderate number of 
dowels should be aimed at. 

Axial dowels are preferred to radial dowels. 

A full reply to the queries raised by Mr. Archer 
and Mr. Toms is not possible at this stage, since 
considerable research is still required to be carried 
out. 


To Mr. N. CHAMBERS 


It is oft-times difficult at Head Office when 
dealing with plans of welded gear wheels and 
discussing recommendations for welding tech- 
nique to be forwarded to the Surveyors to assess 
the conditions prevailing ‘on the job”, and 
accordingly, it is interesting to note that it can, in 
fact, be quite comfortable when welding a wheel 
with the rim at 220-240° C. 

With regard to the weld insert technique illus- 
trated in Fig. 29 the weld is deposited in a groove 
having a depth of about 9/16 in. and then the 
whole of the inside of the wheel rim is machined 
out leaving the weld insert at a depth of 5/16 in. 
The welds are examined by magnetic powder only 
and not X-rayed. On completion, the wheel is 
stress relieved. 

Another manufacturer of a very similar design 
to Fig. 29 uses a “built-up” weld deposit of 
approximately 1} in. wide by # in. thick which is 
subsequently machined down to 14 in. wide by 
2 in. thick as shown in Fig. E. Again inspection is 
by magnetic crack detection. The rim is stress 
relieved after welding the build-ups and again on 
completion. 


Rim \% Ca Mo, 
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To Mr. E. L. GREEN 


There is no doubt that the single reduction gear 
has a definite advantage over the double reduction 
gear in so far as it eliminates, in effect, the coup- 
ling up of two separate reduction gears, and where 
single reduction gears can be adopted as in the 
case of the France by a doubling up of the 
screws, an all-round increase in the margin of 
safety is ensured. It is rather surprising, however, 
that for such high pressure and temperature 
steam conditions double reduction gears were not 
used for the HP turbine as in the case of the 


Caronia. This is a very much smaller vessel, of 
course, with two shafts transmitting a total of 
35,000 s.h.p. at 140 r.p.m., each shaft driven by an 
HP turbine through double reduction gearing with 
an IP and LP turbine driving through single 
reduction gearing. 

The present Rules require the ends of the 
pinion and wheel teeth to be chamfered only. The 
thinning or tapering of the ends of the teeth as 
required by the 1946 Rules was a laborious opera- 
tion usually carried out by hand and in all 
probability often resulted in the dressing of the 
teeth being as shown by Mr. Green’s sketch 
(Fig. B) rather than as stipulated in the Rules. 


Current practice is to relieve the ends of the 
teeth for about } in. by *0005 in. to -O015 in. 
depending on the pitch and the face width and 
using the shaving cutter for the purpose when the 
process is sometimes called crowning. In actual 
fact a slight degree of crowning takes place at the 
ends of the gears when shaving due to the “run- 
out” of the shaving cutter causing a gradual 
localising of the shaving cutter loading. 

It is agreed that the fully forged gear rim should 
be better than the forged and rolled rim unless the 
steels in both cases were absolutely clean in which 
case there would not be much to choose between 
the two. 

A reduction in the minimum thickness of the 
rim, however, would depend mainly on the design 
and material of the wheel centre coupled with 
moderate shrinkage allowances and the provision 
of adequate axial dowels. 

Messrs. C.E.M. appear to have put some serious 
thought into the design of their coupling and in 
fact the only way this coupling could be enhanced, 
in my opinion, would be to arrange the coupling 
to locate the primary gears and eliminate entirely 
the primary wheel thrust bearings. There is no 
doubt that nitriding will play an ever-increasingly 
important role in the selection of materials for 
fine-toothed coupling parts. 

Whilst on this subject of fine-toothed couplings, 
it should be noted that one of the primary func- 
tions of the coupling is to relieve the secondary 
pinion of the high frequency axial inertia forces 
of the quill shaft and primary gears and in this 
respect, the larger the pitch circle diameter of the 
coupling teeth the lower is the force necessary to 
overcome the friction of the coupling. 

Mr. Green’s comments on post-hobbing are 
concurred in. 


To Mr. R. F. MUNRO 


The exhaustive examination of wheel rim 
shrouds cannot be over-emphasised since it will be 
noted that the case Mr. Munro cites might have 
been avoided had the ultrasonic tests also been 
applied during the initial stages of manufacture 
regardless of the results of the fluoroscope test. 

It is while the bore of the rim is exposed and 
machined smooth and the rim a uniform thick- 
ness all round that ultrasonic examination should 


be carried out. After the teeth are cut, then fluoro- 
scope examination is more suitable. Magnaflux 
examination is suitable for both occasions. 

As far as | am aware, the practice of locking 
the nuts of the “all bolted” wheel by welding 
originated and died in the US.A. and mainly 
concerned naval machinery. The nuts were tack- 
welded to the bolts and side plate after being 
tightened to produce a tensile stress of 9 tons per 
square inch in the bolts, the bolts having a U.T\S. 
of 36 tons per square inch. After bolt failure a 
shop test indicated that the welding reduced the 
bolt stress by about 70 per cent. This loss of bolt 
tension was apparently sufficient to cause the bolts 
to slacken off completely and break. 

The cause of the slackening off of the bolt 
tension was the heat given the nut during the 
welding which made the nut “ride high” on the 
thread resulting in yielding of the nut on cooling 
to room temperature. Obviously an_ excellent 
method of removing stubborn nuts! 

A permanent repair was made by using stronger 
bolts (54 t/sq. in.), an interference fit of ‘O01 in. 
and self-locking nuts. The bolts were chilled in 
“dry ice” and installed with the nuts later drawn 
up to give a bolt tension of 18 t/sq. in. when the 
bolts had regained room temperature. 

The British practice is to drill two small holes 
in the bolt end near the thread and to punch these 
out after fitting the bolt and tightening the nut 
whilst the Dutch hollow the end of the bolt and 
peen this over the nut after tightening (Figs. F 
and G). 


2 HOLES Ve vin TAPERED To'/t'om * Vic Deep 
PUNCHED INTO END OF BOLT, SPREADING 
METAL GVER FACE OF NUT BLOCKING “THREAD. 


FIG, F DETAIL OF BOLTS FOR SIDE PLATES. 


The use of “self-locking” nuts, although used 
by the Americans, could not be recommended, 
first because of the high centrifugal forces involved 
which tend to slacken off the nuts, the danger to 
the gearing if such nuts did slacken off and fall 
into the mesh, and the fact that that construction 
is not considered permanent. 


BPEENED 
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To Mr. W. A. Cook 


Mr. Cook’s remarks regarding the welding of 
the wheel shown in Fig. 28 are noted but the 
various manufacturers throughout the world who 
have license to produce this type of wheel have 
each adopted a different weld procedure thus 
amply demonstrating the diversity of the technique 
of welding. The wheels are obviously difficult to 
weld, but whichever way they are welded, they 
remain trouble-free and whilst I hesitate to 
suggest that in some cases the welds may be of 
doubtful quality, this fact may tend to confirm 
the point that defects inside a full-penetration 
weld are not as serious as the defects produced 
near the surface. The copper backing strips 
referred to are only used at the first weld run to 
diminish or avoid the back-chipping work. 

As pointed out by Mr. Munro, it is in the firm’s 
own interests to ensure material free from flaws 
and many firms are equipped and make full use 
of the non-destructive ultrasonic test procedure. 
However, it is difficult and unreasonable to legis- 
late that all material must be so proved and hence 
the materials must usually be accepted from visual 
examination by the Surveyors. 

For fabricated gear wheels and gear cases the 
Rules require good quality steels to be used and, 
accordingly, in accepting the material detailed for 
these uses, the Surveyors should be guided by the 
Society’s requirements for welding quality boiler 
steel and should request the additional tests and 
inspection necessary. The bend tests should give a 
representative guidance on the presence of harm- 
ful laminations. 

The Surveyors should also carry out periodical 
check weld tests. 

The Rules require fabricated wheels to be 
proved by X-rays or magnetic crack detection 
methods but the application of these techniques 
is dependent on the design of the wheel and full 
use should be made of other crack detection 


methods when available and when desirable. It 
would appear, however, that magnetic crack 
detection apparatus will readily reveal a greater 
percentage of cracks in any one specimen than 
any other method of crack detection. 

Failures in fabricated structures are usually due 
to one or more of the following : — 


1. Poor workmanship. 
2. Use of an unsuitable design. 
3. Use of an unsuitable material. 


and the careful control of these points cannot be 
over-emphasised. 


To Mr. G. S. Prpp 


I am pleased to note that Mr. Pidd’s beneficial 
gear hammer occurs in the lower speed range 
and so long as the gear hammer remains in this 
region of reduced torque and gear loading I could 
possibly agree that it may improve the tooth sur- 
faces but only if, as Mr. Pidd points out, the 
materials are such that plastic yield can occur on 
both gears simultaneously, not just one. With the 
normal combination of materials of alloy steel 
pinion and carbon steel wheel rim, deformation 
of the wheel teeth only, may take place. 

Excessive plastic deformation can prepare the 
ground for pitting and excessive gear hammer, 
especially at the full torque end of the speed 
range, can rapidly complete the process. 

In general, gear hammer is to be avoided and 
the improvement of the surfaces of the teeth left 
to the normal long-term process of gradual wear. 

I think the idea of measuring the resistance 
between the gear wheels by means of a cathode 
ray oscilloscope or other similar device is a good 
one but the scope for this probably lies not with 
gear hammer but with the onset of scuffing. Experi- 
ments on disc machines on these lines were carried 
out by A. W. Cook and presented in his paper 
“Simulated Gear Tooth Contacts” (I.Mech.E., 
Noy. 1956), and it would appear that unless the 
loading and surface irregularities on the gears is 
such that the lubrication is incapable of preventing 
metallic contact between the gears during the 
phase of gear hammering, then no appreciable 
difference in resistance will take place. 

With regard to the removing of the hoop 
stresses in shrunk-on rims in way of the roots of 
the teeth, one or two cases have occurred where 
the teeth have been hobbed, flame-hardened and 
then ground to produce a tooth profile as 
described by Mr. Pidd and which failed in service 
by tooth fracture and fracturing of the rim as 
shown in Fig. H. 

The hoop stress at the roots of the teeth was 
calculated to be about 12 tons/sq. in. and the root 
bending stress 3 tons/sq. in. both slightly more 
than the maximum desirable, and whilst the depth 
of the groove between the teeth was insufficient to 
produce the conditions required for Mr. Pidd’s 
design for the complete relaxation of hoop stress 
at the tooth fillet, the fact that the cracks origin- 
ated, not at the point of maximum bending stress 
due to tooth loading nor at the point of relaxation 


HOOP STRES 


Flame - HARDENED ZONE 
(VERY Poor) 


POINT OF MAXIMUM 
ROOT BENDING STRESS 


of the hoop stress, but at the corner formed at the 
junction of the two radii, clearly indicates the 
importance of ensuring smooth distribution of 
stress, i.e., avoiding any form of acute stress raiser 
or abrupt change in section. 

Gears that are to be ground after hobbing (and 
heat treatment) should be protuberance hobbed as 
shown in Fig. J. 


As Hopgeo bs GROUND , 


Fic. J  PROTUBERANCE HOBBED— Profit GaouND 


GEAR TOOTH FORM 


The protuberance on the hob produces a slight 
undercutting of the roots of the teeth and a larger 
root radius. The final grinding of the flanks of the 
teeth should merge the whole tooth form into a 
continuous smooth curve from tip to tip. The 
actual roots of the teeth should not be ground at 
all. 

It is agreed that it is beneficial to remove the 
heat generated by the gears immediately after 
meshing but it would appear that the loss of oil 
by centrifugal action and the difficulty of ensuring 
it gets there in the first place because of the high 
windage effects deters most manufacturers of 
turbine gears from using the main oil supply in 
this manner. 

Almost invariably the oil stream is directed on 
to the gears on the approach side of the point of 
meshing. 


To Mr. W. BLACKLOCK 

Mr. Blacklock’s insistence on end relief is con- 
curred in especially in the case of highly loaded 
gears where the relieved tooth portion gradually 
adds support to the loaded portion of the tooth. 
This support is analogous to the type known as 
“buttress effect”. 


It is not possible to state the tip relief recom- 
mended by Pametrada but the following are the 
values given in the B.S.S. 1807 (Part 2) and these 


values should not be exceeded. 
Radial extent of tip relief =0°15 pn. 


Circumferential amount of tip relief =0°0025 pn. 
The division of the total power between the HP 
and LP turbines alters with differing propeller 
speeds, but it is unlikely that the division of power 
will alter to such an extent that the torque on the 
gears at lower speeds is greater than the torque at 


the maximum s.h.p. 
Graphs K(1) and K(2) show the torque r.p.m. 
curves for the HP and LP turbines for two typical 


modern cross-compound steam turbine machinery 


sets. 
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With regard to the cast steel type of wheel 
shown in Fig. 15, perhaps I should have said that 
the firm has been producing cast gear wheels for 
40 years and the one shown is a result of the 
experience gained. 

The continued use of the bolted type wheel is, 
in my opinion, because the design is simple and 
the construction only demands the same care and 
skill as the remainder of the gearing. Any good 
machinery component is expensive. I would also 
suggest that the design is such that the gear wheel 
rim could easily be finished by the case-hardening 
or nitriding process before being bolted to the 
wheel centre. 

The diameter di in the Figs. 33, 50 and 51 is 
indeed intended to be the diameter at the roots of 
the teeth. 

Mr. Blacklock’s description of the Sulfinuz 
process is interesting although I am surprised to 
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learn that this process is superior to nitriding. To 
my knowledge, the firms that employ sulfinuzed 
fine-toothed coupling parts have not to date 
employed nitrided coupling parts in an actual 
marine gear set, so that comparison may be diffi- 
cult. 


I would thank Mr. Blacklock for pointing out 
that E.P. oils do not necessarily prevent pitting 
troubles and agree generally that his recommenda- 
tions on trials procedure, tooth contact marking 
and precautions against pitting and scuffing should 
be adhered to. 


The yield point/ultimate tensile strength ratios 
for the materials given in Appendix 6 roughly 
correspond to 50-55 per cent for the normalised 
carbon or low allow steels and 70-85 per cent 
for the oil-hardened and tempered steels. 

With the “locked train” arrangement shown in 
Appendix 3, it can never be absolutely certain that 
equal torque is being transmitted by the two 
branches of the gear since the division of torque 
is dependent on the efficiency of the clutches incor- 
porated inside gears (2). 

However, provided care is taken in the matching 
of the serrated clutches, then strain gauge readings 
have indicated that very good torque balance is 
achieved between the two branches. In practice 
the efficiency of each clutch can be assessed 
individually at a low torque value and the two 
assumed to function in a similar manner over the 
whole torque range. 

Finally, I would like to thank all who have 
contributed to the discussion on my paper and in 
particular those who have enhanced it by their 


personal knowledge of particular aspects of gear- 
ing and, in doing so, have helped to provide an 
insight to some of the finer points of the subject. 
It is sad, however, that one never reaches the 
happy ending. 


Erratum Page 40. 


“The length of the path of contact is given by: 
3/ D.2—D.? sm 3 da2—do? = 3(Do+do) tan Ye 
Where D,=Diameter of wheel addendum circle 
D,=Diameter of wheel base circle. 
D,=PCD of wheel x cos y; 
d,=diameter of pinion addendum circle. 
d,=diameter of pinion base circle. 
d,=PCD of pinion x cos yy 
We =transverse pressure angle of engage- 
ment given by Sec mth 
° cela beach 
C =centre distance. 
When the gears are mounted at the standard 
centre distance » = y, Where ¥,=transverse 
pressure angle of generation.” 
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Resin Bonded Wood 
Laminates in Marine 
Construction 


By W. L. Hobbs 


The non-availability of seasoned home grown 
Oak bends and crooks, due to two World Wars 
within a quarter of a century, plus (whisper it 
not in Brixham) the building of the Mayflower 
replica, has forced designers and builders of wood 
yachts and commercial craft to use alternative 
materials from which to fashion the transverse 
frames and other curved structural members of 
craft exceeding about 35 ft. waterline length. 

Steel and seawater resistant light alloys have 
been used for this purpose, but the corrosion 
factor is a constant headache where steel framing 
is used in conjunction with wood planking, 
especially when the protective coating breaks 
down at the backs of the frames where they 
fay against the wood, for the build up of rust, 
encouraged by the acids leaching from the wood, 
not only brings about the rapid degrade of the 
wood, but it pushes the planking strakes away 
from the frames, and it is wellnigh impossible to 
conserve a fair smooth outer surface to the hull 
when this occurs. 

If non-ferrous fastenings are used to connect 
the wood to the steel, they soon destroy the wood 
through electro-chemical action, and if galvanised 
steel fastenings are used, the acids in the wood 
rapidly break down the galvanising and the owner 
is faced with an expensive refastening bill. 

Seawater resistant light alloys are very expen- 
sive, and despite the various protective treatments 
tried out on those parts where the alloy and wood 
make contact, the protection appears in practice 
to break down after a few years and both the 
alloy and the wood suffer. 

The cost of fastenings for light alloy/wood 
construction is prohibitive if stainless steel is used 
for this purpose, and this appears to be the most 
trouble-free material for fastenings in this type 
of construction to date. 

True, the objections outlined above relating to 
both steel and light alloy are somewhat modified 
if teak is used for planking, but teak is in 
relatively short supply, is very expensive, and its 
weight, especially in the case of sailing yachts, 
can penalise performance. 


One would have thought the availability of cold 
setting waterproof resin adhesives for wood, giving 
bond strengths exceeding that of the wood itself, 
would have led to a quicker adoption by the boat- 
building industry of resin bonded wood laminates 
for these curved members, especially in view of 
the fact that for many years, built up, glued hollow 
masts and spars produced by the industry have 
proved successful in service, for surely there are 
few, if any, more highly stressed wood structures 
that the masts and spars of sailing yachts. 

However, the boat-building industry is a very 
conservative one that does not take kindly to 
departures from traditional practice, and even in 
cases where some have partially adopted resin 
bonded wood laminates for curved structural 
members, they have either used the wrong type 
of adhesive, or by “Sticking to the Old Traditions” 
in the matter of scarphed joints, have weakened 
the structure at points where the laminated and 
solid members connect. 

As a satisfactory supply of seasoned natural 
grain Oak bends and crooks is unlikely to come 
about in the foreseeable future, I feel it is a 
reasonable assumption to make that resin bonded 
wood laminates will become the generally accepted 
alternative, perhaps sooner than we expect, and I 
feel it is imperative that we become familiar with 
the technique involved in producing this type of 
structure successfully, for designers, builders, and 
owners of wood craft are becoming increasingly 
L.R. minded, possibly due to the many contacts 
made on the Society’s Stand at the National Boat 
Show, and any guidance we can offer upon this 
matter will be valued, and may perhaps help to 
break down the prejudice and false impressions 
that exist regarding wood laminated structures. 

It is with this end in view that this paper is 
written and for the sake of simplicity I feel it is 
worth while setting it out as under :-— 

(1) Description of the adhesives 

(2) Conditions required for their successful use 

(3) Laminating methods 

(4) Relative strengths of laminated 
timbers 

(5) General Remarks. 


and_ solid 


Description of Adhesives 


There are three types of cold setting resin 
adhesives for wood available at present, i.e. :— 
(1) Urea-Formaldehyde 

hereafter referred to as U/F 
(2) Phenol-Formaldehyde 

hereafter referred to as P/F 
(3) Resorcinol-Formaldehyde 

hereafter referred to as R/F 

Without going into the chemistry of these 
adhesives, it can be noted that all three have one 
thing in common in that they require pressure to 
be exerted upon the joints for the period during 
which the adhesives are setting. 

The U/F and P/F types produce an acidic mix 
and proper precautions must be taken in their use 
to avoid injury and/or skin disease. 


to 


Ee 


The R/F type produces a neutral mix, and 
beyond wiping off any adhesive from the skin with 
a damp rag before it sets, no special safety pre- 
cautions during. its use are necessary. 


The U/F type is claimed by manufacturers to 
be waterproof but tests in the fully exposed 
condition carried out by Forest Products Research 
Laboratories show that failure in the bond can 
occur in two to three years for small assemblies 
and in five to six years for large assemblies. 


The P/F and R/F types are water and boil 
proof (72 hours boiling) and have proved out- 
standingly durable under tests in the fully exposed 
condition. 

The U/F type does not produce staining at the 
joint line, the P/F type produces dark red staining 
at the joint line, and in many light coloured woods 
this staining “Creeps” after exposure to sunlight 
and is especially noticeable at the ends of fully 
feathered joints and scarphs. 


The R/F type produces a dark brown glue line 
but the “Creep” is very limited. 


The bonds produced by all three types are 
immune from bacteriological attack. 


The U/F type is available in two forms, i.e., as a 
viscous type resin that is set either by an addition 
to the resin itself or by separate application of a 
liquid hardener, or in the form of powdered urea 
resin containing the catalyst or hardener which is 
made ready for use by mixing with water. 


The P/F type is available only in the form of 
a viscous resin and liquid hardener. 


The R/F type is available only in the form of 
a viscous resin and powder hardener. 


The P/F and R/F types are not suitable for the 
separate application technique. 


The viscous resin in all three types has a limited 
storage or “Shelf Life’ and should not be used 
later than the date indicated on the package or 
container. 

The hardeners have an indefinite “Shelf Life” 
provided the containers are kept airtight. 

The P/F and R/F types are the only ones 
recommended by the Forest Products Research 
Laboratories of this country and the U.S. for 
structural members in marine use. However, the 
U/F types can be used for internal furnishings, 
for they are far superior to the animal and casein 
types for durability and therefore better suited to 
the damp conditions often found inside small 
craft, especially during the out of commission 
periods. 

As this paper is concerned mainly with structural 
laminates, the P/F and R/F types will be the only 
ones considered. 

Both these types have to be mixed, ie., the 
hardener or activator must be added to the resin, 
before either adhesive can be used, and as the 
proportions given for the mix are usually by 
weight, not volume, a suitably graduated scale 
or balance is an essential part of the laminator’s 
equipment. 


In the mixed state, each has a “Pot Life”, i-e., 
a working life, the duration of which depends 
upon the temperature. 


At 80° F. the pot life of both the P/F and R/F 
is about the same—approximately one hour, but 
at lower temperatures the R/F has a longer pot 
life than the P/F, for example, at 65° F. the pot 
life of the R/F is about three hours and that of 
the P/F one and a half hours. 


Conditions Required for Successful Use 


(a) The mixing instructions issued by the makers 
should be strictly adhered to. 

(b) Both surfaces of each joint should be coated 
with adhesive. 

(c) Although all timbers normally used for 
structural items in the boat-building industry 
can be satisfactorily bonded, the surfaces of 
the harder varieties require sanding or kerfing 
with the grain before applying the adhesive. 
This is to remove any case hardening effect 
produced during machining and/or to provide 
a proper key for the adhesive. 

Sanding Indicator tests should be made if in 
any doubt as to the suitability of the surfaces 
to take the adhesive. 

This test I understand has been devised by 
the Ministry of Supply and details are given 
in the appendix. 

(d) The moisture content of the timber forming 
the laminate must be uniform and within the 
maximum and minimum ranges of 17 per cent 
and 12 per cent. 

(e) Uniform pressure of 150—2001b. p.s.i. for 
hardwoods and 100-150 Ib. p.s.i. for soft- 
woods must be maintained upon the assembly 
during the “Setting” period. 

(f) The adhesive spreading and pressure applica- 
tion operations must be completed within the 
length of the “Pot Life” of the mixed 
adhesive. 

(g) The direction of the grain of adjacent laminz 
should be parallel. 

(h) The temperature at the glue lines during the 
setting and clamping period should be suited 
to the material being bonded. 

(i) All end joints in individual lamine should be 
of the fully feathered plain scarph type with 
a length of ten times the thickness. 

(j) The thickness of the individual laminz should 
be arranged to enable the quickest turn in the 
assembly to be made without fracture. 


I feel the term “Cold Setting Resin Adhesives” 
is a misnomer, for although reducing the tempera- 
ture increases the “Pot Life” of the mix, and can 
be used to advantage where considerable time 
is required for gluing and assembling large 
structures, some dense timbers require a tempera- 
ture of 140° F. at the glue line during the 
clamping period, and even the softer timbers 
should not be glued in temperatures below 65° F. 
for R/F and 60° F. for P/F adhesives. 


Laminating Methods 


Those of us who have worked in boat-building 
establishments in the “Sunny South” and else- 
where in this country are fully aware how cold 
and drafty they can be during the winter months, 
the time when most new construction is carried 
out, and successful laminating work under these 
conditions is impossible. 

It is essential, therefore, that a building in each 
Yard should be set aside for this work, be made 
draft and weather proof, and equipped with suit- 
able apparatus for adjusting the temperature in 
the vicinity of the assembly and clamping area. 

A dry store should also be made available in 
which to keep the kiln-dried timber brought in for 
laminated work until it is requred for use, and a 
fairly cool part of the general store set aside for 
storage of the adhesive. 

For small assemblies, e.g., knees, breasthooks, 
floors, etc., bench jigs can be easily made up and 
the “G” clamps normally used in the Yard utilised 
in conjunction with the jigs for applying the 
necessary pressure. The jigs, complete with the 
laminates being removed to a warm compartment 
and allowed to remain there for their appropriate 
clamping time after assembly upon the bench. 

Such a compartment can be made from 
Asbestos/Cement sheeting, fitted with batten 
shelves, a_ tight-fitting door, and heated with 
electric light bulbs or tubular heaters. 

I have seen stems and backbone members for 
craft up to 20 tons T.M. assembled and clamped 
on the mould loft floor and the transverse frames 
on the scrieve board, the technique in these cases 
being to fasten steel brackets at close intervals to 
the floor or scrieve board around the contour of 
the curve, to pull the lamine to the faces of the 
brackets with “G” clamps, and to apply pressure 
to the assembly with threaded bolts and toggle 
plates spaced between the brackets. 

After gluing and clamping, heat in the form of 
electric blankets is applied and the whole assembly 
covered with tarpaulins to retain the heat and 
allowed to remain for the appropriate clamping 
time. 

Where a fair volume of large assembly lami- 
nated work is contemplated, it is far better to 
make up some form of grid large enough and of 
sufficient strength to cope with the largest 
assemblies likely to be called for. 


The top of the grid should be about 30 in. 
above the floor level of the building both to allow 
access to the heating units placed below it, and to 
reduce fatigue in transferring the lamine from 
the gluing bay to the jig. 


The grid should be equipped with an adequate 
number of formers and clamping devices, strong 
enough to stand up to the work required to be 
carried out, and so designed that they can be 
positioned quickly and securely to follow any 
curve likely to be needed at sufficiently close 
spacing to ensure uniformity of pressure upon the 
assembled laminate/s. 


Plate (1) illustrates the type of grid that has 
been used successfully for a number of years by 
a firm: that not only laminates marine structural 
members for craft up to 150 ft. overail but also 
manages to cope with an ever increasing volume 
of laminating work for the building and civil 
engineering industries. 

In the same building is housed a circular saw, 
a planer, sanding machine, and mechanical giue 
spreader. 

The kiln-dried timber is rough sawn to size on 
the circular saw, thicknessed on the planer, sanded 
if necessary, the glue spread on both surfaces of 
each lamine by the mechanical spreader, and the 
lamine then placed against the formers already 
positioned upon the grid. 

When the gluing and transfer operation is com- 
pleted, the assembly is clamped, the superfluous 
glue from the top surface removed as far as 
possible, the electric fan type heaters housed 
below the grid switched on, the whole assembly 
covered with tarpaulins and allowed to remain in 
position for the time required. 

If, due to the nature of the wood to be 
laminated, it needs long clamping time at an 
elevated temperature, steam is introduced into the 
“Tented” area to prevent the timber from drying 
out below the 12 per cent minimum moisture 
content. 


The clamping time will vary according to the 
shape of the curve, the type of timber used, and 
the temperature maintained during the clamping 
period, and it need not be the full time required 
for the adhesive to develop its maximum bond 
strength, provided the assembly is not to be sub- 
jected to stress immediately it is removed from 
the grid. 

The advice contained in the technical sheets 
issued by the adhesive manufacturers should be 
followed in this matter, but as a word of warning, 
it should be noted that the setting of the bead 
expressed from the glue lines is not necessarily an 
indication of the strength of the joint. 

It is better to play safe and allow longer time 
under pressure than to risk failure by releasing 
the pressure too soon. 

Sufficient length should be left for a test piece 
to be cut from one end of the assembly, between 
two pressure points, so that the strength of the 
laminate can be assessed after complete cure of 
the adhesive has been effected (usually seven 
days at 65°F. is sufficient for full cure to take 
place). 

It may be as well at this stage to warn against 
trying to arrange bevel to assemblies during the 
laminating stage, for if this is attempted, the 
laminz will slide transversely when the pressure 
is applied, and in reckoning the number of laminz 
to be included in transverse frame assemblies, or 
any other assemblies that have subsequently to be 
bevelled, allowance must be made for the amount 
of material lost in bevelling. 

If. however, the finished scantling is not too 
large for the grid, then the laminz can be used in 
such width that the assembly can be cut down 


through the centre when removed from the grid 
to make a complete pair of frames from each 
assembly. 

After removing from the grid, the superfluous 
adhesive on the lower surface of the assembly is 
removed, usually with a “Bent File” type scraper, 
and as the set adhesive is apt to fly upward in 
small sharp particles when the cutting edge of the 
scraper is applied, it is advisable that the operator 
should wear goggles. 

The two flat surfaces are then machined to size 
either by hand or by power driven portable rotary 
planers, and if any quantity of large assemblies 
are to be dealt with, these portable power planers 
are certainly an economic proposition and it is as 
well to have two such tools in operation, one for 
“Roughing Off” and one for finishing, for the 
adhesive soon removes the keenness from the 
cutters. 

These machines, worked in conjunction with a 
suitable jig, can also be used for planing the 
scarphs of individual lamin. 


_ Relative Strengths of Laminated and 
Solid Timbers 


The bend/break test figures shown on No. (1) 
test sheet show clearly the relative strengths of 
solid timber and resin bonded laminates. 

All the test pieces were cut from one piece of 
selected silver spruce, and in order to arrive at a 
fair average figure for solid timber, against which 
to evaluate the laminates, three test pieces, a, b 
and c, 18 in.x1 in.x1 in. were prepared and 
tested. 

The figures shown for ‘“‘d” in the test sheet are 
simply the average found for a, b and c and can 
be used as the basic strength figure for solid 
timber. 

Pieces e, f and g are the same overall sizes, “e 
comprising two | in. x 4 in. strips resin bonded. 


” 


” 


f comprising four 1 in. x4 in. strips resin 
bonded. 

€ comprising eight 1 in.x+4 in. strips resin 
bonded. 


It will be seen that the bend/break strength of 
a resin bonded wood laminate rises in proportion 
to the number of laminz as would be expected 
when the number of laminz exceeded two. 

The figures given on Sheet (2) indicate the 
strengths obtainable with fully feathered resin 
bonded scarph joints of differing length/thickness 
ratios, and as these scarphs are all made on 
1 in. x1 in, section silver spruce cut from the 
same board as the test pieces in sheet (1) it can 
easily be seen that a 1—10 length/thickness ratio 
resin bonded scarph when properly made will give 
a joint strength equal to that of solid unscarphed 
timber, so it is fair to state that these resin 
adhesives are to wood, as welding is to steel. 

The scarphs for joining laminated members to 
solids, or for joining solid to solid, should have 
the glue line running parallel with the widest 
surface of the cross-section of the material to be 
joined, for this not only economises in length for 


a given length/thickness ratio, but usually gives a 
larger glued area, thereby affording maximum 
bond strength. 

I feel a note to this effect in page 127 of the 
Society's Rules for the Construction of Wood and 
Composite Yachts would be well worth while, for 
it is surprising the number of builders who waste 
length, and often weaken the structure of the craft 
they build, by interpreting the sketches appearing 
upon that page as being side elevations. 

This is all the more serious when the practice is 
adopted in beam shelves, bolted down through the 
scarphs, for the scantling of the beam shelf is 
usually such that for an efficient length of scarph 
to be worked in, it is not possible to avoid a 
beam end landing somewhere upon the scarph, 
necessitating the fitting of face plates or doublers 
to compensate for loss of strength. 


General Remarks 


Although perhaps it can be said to be a 
departure from the subject matter of this paper, 
I append on test sheet No. (3) some test figures 
for the “Traditional” type scarphs. 

These figures speak for themselves, and I submit 
they bear out the view that I have long held, that 
they should have died when cold setting water- 
proof resin adhesives were born. 

Although this paper has been mainly concerned 
with curved laminates, I feel some mention should 
be made of “Hybrid” constructions, i.e., where 
some members lend themselves to part laminate 
and part solid construction, usually longitudinal 
members, beam shelves, stringers, etc., in craft 
having fairly easy curvature along the middle body 
but fairly bluff bows at the deck line. 

Along the middle body the longitudinal 
members can be fitted in solid form, either cold 
or after steaming, but around the bow, the scant- 
ling of such members is usually too much to allow 
single thickness bending. 

In such cases many yards form the bow portion 
from two or more thicknesses, steamed, or bent 
cold, glued together on the job, and then fit the 
middle body piece or pieces of solid timber 
scarphed together and to the laminated portion 
with traditional lipped or locked scarphs. 

I feel that we should discourage this practice 
and insist that the laminated portions, even though 
pre-bent upon the job, should be taken to the grid 
for gluing where the operation can be carried out 
under proper temperature and pressure conditions, 
that the solid portions if in more than one length 
be plain scarphed together under similar condi- 
tions, and then to the laminated portions before 
being transferred and fitted on the craft, for by so 
doing we can be sure that these members have 
continuity of strength throughout their length. 

Even upon craft with easy curves throughout 
their length it is usually impossible to obtain 
longitudinal members in one length, and if the 
present common practice of scarphing the various 
lengths “On the Job” were abandoned in favour 
of scarphing and gluing them in the workshop, 


better fits could be obtained to the scarphed joints 
in quicker time and when these members are fitted 
to the craft, they will be found to do so in fair 
continuous curves. 

If the builders or the owners have a “Belt and 
Braces” outlook, let us not condemn them, but 
rather arrange the scarph positions to suit the 
frame spacing in such manner that the normal 
fastening scheme includes some through fastenings 
at the scarphs. 


CONCLUSION 

In preparing this paper, I have tried to set out 
my views as simply as possible in terms that can 
be readily understood by those engaged in the 
construction of wood marine craft. 

Although after perusing it, some may conclude 
that resin bonded laminating is expensive, I would 
suggest to them that other than in the plywood 
industry, where veneers are peeled from the 
selected logs, I know of no more economical 
method of converting timber than laminating, for 
short lengths and small scantlings can be used 
provided they are tree from sap and disease. 

Much of the information contained in the paper 
I have acquired by building small fixed keel boats 
for my own use, or by incorporating laminates in 
craft I have designed for other people but I grate- 
fully acknowledge the help I have received and 


the information I have acquired from Forest 
Products Research Laboratories both from a short 
lecture course I attended at Princes Risborough 
and from the F.P.R.L. Publications, from Mr. 
H. A. Collinson, F.R.1.c., and Mr. W. F. Wetherall 
during their lectures at Southampton Technical 
College and from their useful technical papers, 
and from Messrs. M. W. Blackmore & Sons of 
Bideford who allowed me to make sketches of 
their timber laminating set-up and furnished the 
photographs that appear in the paper. 

My thanks are also due to the Boatbuilding 
Section of Southampton Technical College, for 
assistance in the preparation and testing of the 
specimens used for the figures given in the test 
sheets. 

I have felt for some time that a paper on this 
subject might be used to fill in a gap in the Staff 
Association’s programme, but being a relative 
newcomer to the Society I was rather scared to 
| Crash ini 

However, perhaps after my colleagues have had 
an opportunity to tear it apart or to make 
suggestions for its improvement, we may be able 
to re-write it in such form that it will prove 
acceptable, and of material assistance to the 
“Woodpecker” members of the Staff, and to those 
who from time to time seek their guidance. 


SANDING INDICATOR 


This is a liquid reagent prepared from methy- 
lene blue, aniline sulphate and distilled water. 

It can usually be obtained from the manufac- 
turers of the resin adhesives. 

The test is carried out by dropping a very small 
quantity of the indicator liquid on to the surface 
to be glued and noting the effect. 


The drop will penetrate the surface, forming a 
bright green centre with a yellow fringe if the 


surface is fit for gluing. 


If the surface is not suitable, the drop will lie 
upon the surface exhibiting its original intense 
blue colour, and so indicating that sanding or 


kerfing is required. 
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LIST OF PHOTOGRAPHS 


Illustrating bending grid shown in Plate No. | 
Another illustration of the same grid but with 
wooden formers. 

Laminated framing of an 80 ft. Pilot Vessel 
looking from amidships aft. 

Laminated stem and frames of 80 ft. Pilot 
Vessel. 

View from starboard side of 80 ft. Pilot 
Vessel showing framing completed and 
planking commenced. 


View from port side of 80 ft. Pilot Vessel 
with framing completed and _ planking 
commenced. 


Bow view of 80 ft. Pilot Vessel with planking 
completed. 


Stem, Gripe, and Laminated beams and 
frames at bow of wooden Minesweeper. 


Laminated frames of wooden Minesweeper. 


Another view of laminated frames and beams 
of wooden Minesweeper. 


Jig for bending knees. 
Knee Jig in use. 
Some laminated knees produced on the Jig. 
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Discussion on 
Mr. W. L. Hobbs’ Paper 


Resin Bonded Wood 
Laminates in 
Marine Construction 


Mr. J. B. DAVIES 


I suppose, of all the branches of the shipbuild- 
ing industry, wood boat building has altered least 
during the past century. Iron has replaced wood, 
and steel, iron, and the construction has been 
adapted to take account of the advantage of the 
change in materials. 

While steel is used to a certain extent in yacht 
construction, it is, | think, probably true to say 
that the vast majority of yachts are built of wood 
and that, while many developments have occurred 
in the design of the hull form and of the accom- 
modation, etc., there have been very few changes 
in the details of construction. The method of 
construction now used in wood boat building is 
remarkably similar to that used two or even three 
hundred years ago. 

At the end of the war, the aluminium industry 
had a very large surplus capacity, and strenuous 
efforts were made to break into yacht and boat 
building. This met with a certain amount of 
success, but I think it somewhat doubtful whether 
this will be in any way permanent. 

During the war resin bonded wood laminates 
were used to a great extent in the aircraft industry, 
and one remembers in particular the De Havilland 
Mosquito which was of all wood construction. At 
the end of the war, the resin producing firms must 
bave had a fairly large surplus in production, but 
little was heard of attempts to use this in yacht 
ouilding, and one can but conclude that they were 
able to sell all their products for land use. 

There is no doubt that a good design can be 
produced using resin bonded wood laminates, and 
that such a design will have many advantages over 
the traditional wood construction. The Author has 
mentioned the great difficulty experienced in 
getting seasoned home grown timber for framing 
and other curved structural members, and _ this 
undoubtedly has brought forward the application 
of resin bonded laminates. A further point which 
was made in a paper read to the I.N.A. in 1957 
is the saving in weight which is possible using 
modern design methods in conjunction with 
laminated timbers. In this paper Mr. Evans 
quotes a saving in hull weight of the order of 25 


per cent for a 106 ft. survey craft under construc- 
tion for the Royal Navy. He states also that this 
particular vessel had been additionally strength- 
ened in view of the navigational hazards assoc- 
iated with such service, and quotes a claim made 
for a 165 ft. U.S.A. minesweeper as being less than 
half the weight a similar ship would be if built in 
the traditional manner. 

Now these two points are undoubted advantages 
which, I feel, yacht designers will have to take 
into consideration in the future if the wood yacht 
is to hold her own against the competition of steel 
and reinforced fibre glass. 

In the paper read tonight Mr. Hobbs has given 
us the basic information needed to deal with resin 
bonded laminates, and it is very useful for those 
of us who have not been intimately connected 
with this method of construction, to have the 
details collected for us in one paper. 

There are two general points I would like to 
raise, but no doubt several of my colleagues will 
have many detail points to discuss. 

Firstly, does the Author consider that resins for 
use on classed ships should be approved by the 
Society? Perhaps the word “approved” is a bit 
strong, but I notice that one resin manufacturer 
advertises that two of his resins are “accepted by 
Lloyd’s Register for classed yachts”. 

My second point relates to the Author’s remarks 
that it is essential a building be set aside for the 
work of preparing the laminates. I feel that this 
is so important that I do not consider the Society 
should be willing to contemplate classing a boat 
built under this system unless the yard has previ- 
ously been examined by the Surveyor and he is 
satisfied that the facilities are such as to enable a 
good job to be produced. This examination might 
well be of a more stringent nature than that 
normally carried out when a yard is proposing to 
build to class for the first time. 


Mr. MARSDEN 


Having had only an occasional visit to a boat 
house, I can hardly apply for membership of the 
“wood-peckers”’. | must also admit to not having 
a copy of the Society Rules for the Construction 
of Wood and Composite Yachts, nor been engaged 
on anything to do with wood construction in the 
Society, except possibly concerning tonnage. My 
contribution is, therefore, based on experience of 
seven years ago, when I was engaged in assisting 
with some of the initial research into the lamina- 
tion of ship and boat timbers. On reading the 
paper, I find that the technique developed at that 
time does not appear to have changed. 

The Author, in setting out his paper into five 
sections, has made the reader’s job an easy one 
and laid the necessary emphasis on the various 
parts which constitute the technique of lamination 
work. What shipman, having studied steels, leaves 
the welding to the operator, or, having studied 
both welding and steels, leaves the structural design 
to a person who has dealt only with riveted con- 
struction? It is the same with laminated work ; a 
person wanting to know the subject must study 


very closely the properties of the glues and con- 
struction details involved which the Author has 
outlined. 


May I respectfully suggest to the Author that, 
if it is possible to consider a change from the 
abbreviation for the glues used in the paper, that 
is U/F, P/F and R/F to Urea, Phenol and 
Resorcinal, it would make these names more 
familiar and cause the reader to question “What is 
the difference”. In the paper, under the heading 
of “Description of Adhesives’, I looked for the 
answer to this question but did not really get to 
the point, and perhaps the Author will help by 
commenting on the following descriptions : — 


Phenol compound glues are intermediate tem- 
perature setting glues and for structure timber 
require a higher temperature than the Resor- 
cinal glues ; this difference can amount to 50° F. 
for hard woods. 


Resorcinal glues are moderate temperature 
setting glues requiring temperatures not greater 
than 100° F. for general structure timbers. 
Resorcinal is a natural gap filler which Phenol 
cannot claim to be. However, like most good 
things, Resorcinal used to be nearly three times 
the cost per pound of the Phenol. 


A mixture of Phenol and Resorcinal combines 
the advantages and lower setting temperatures 
of the Resorcinal with the relative cheapness of 
the Phenol. 


For the marine work under consideration, seven 
years ago, only Resorcinal or a mixture of Phenol 
and Resorcinal was used. 


In considering the types of formaldehyde resin 
glues, as stated on page one of the paper, it may 
be of interest to mention the fourth member and 
that is the Melamine-formaldehyde resin. I recall 
no work carried out on Melamine in this country, 
but at that time the U.S.A. had about five years 
experience with this type. Its properties are similar 
to the Phenol but more difficult to use and clean 
off the equipment. 


After a visit to the glue manufacturers my 
report read like science fiction with items such as 
the Ph factor, high frequency apparatus, electric 

tankets, sanding indicator fluid, cyclonic testing 
and thermocouples. Perhaps the Author will advise 
whether thermocouples are still used initially to 
check the arrangements to obtain the curing tem- 
perature at the glue line during the period of 
curing. 

The mention in the paper of case hardening 
effect on the surface of the wood brings to mind 
a clause in a specification which appeared to me 
to be rather unnecessary comment to boat 
builders. It was that the cutting edges of tools and 
machine equipment dealing with laminates should 
be in first class condition and kept sharp. It was a 
little later that I experienced, by the collapse of a 
test piece, how blunt knives which “batter and 
glaze” wood fibres, weaken the glue joint. It was 
on such defective surfaces that sanding was per- 
mitted. 


Regarding the moisture content, can the Author 
offer his opinion that when wood is kiln dried to 
12 per cent moisture content, by the time it is 
used for lamination work its moisture content can 
increase to about 15 per cent? I understand the 
moisture content of prepared wood in this country 
is 18 to 20 per cent. 

It would be interesting to hear from the Author 
the present method of determining the required 
pressure for glue joints. It will be fully realised 
that too much pressure will damage the wood, 
and too little will cause the worst possible defect 
in a laminated member, and that is a “‘jelled glue 
in a gap”. I remember much experiment in the 
form of trial and error was carried out with differ- 
ent size bolts, spacing of cleats and even going as 
far as the length of lever of the spanner. I recall, 
with amusement, at one visit to the boatyard, the 
Yard Manager, after hearing the details for the 
first time, remarked “Will you be supplying the 
standard man to go with the standard spanner?” 
A further point about pressures: will the Author 
please state whether the pressures quoted on page 
2 are assembly pressure or the pressure at the glue 
line, as the difference in these can be as much as 
1001b./sq. in.? 


The Author mentioned the length of the plain 
feathered scarph is ten times the thickness. This 
indicates the improvements in the development of 
the technique as it used to be 12 times the thick- 
ness. The purpose of so long a slope is an obvious 
one—to avoid as much end grain as possible. This 
is also the reason why it is plain feathered and has 
no lip. The examination of an arrangement of 
scarphs to avoid hard spots particularly in an 
in situ scarphing is quite a task. 


The paper makes no mention of application of 
wood preservative to laminated members. Perhaps 
the Author could advise whether the preservative, 
when specified, is still applied after all cleaning 
has been done, no preservative being applied to 
the surface to be glued as the glue is a natural 
preservative. Experiments were to be carried out 
with the pressure preservation of laminates for 
certain work before glueing. The preservatives to 
be used in these experiments were Calcure and 
Wolman Salts. Can the Author say, from his 
experience, whether any pressure preservation of 
laminates has been carried out? 


It may appear from my contribution that I have 
raised details which are obvious to the person who 
is experienced with wood laminates, but much 
damage can be done to the cause of laminated 
work if persons who are engaged on this work 
just consider the boat building side of the job and 
do not make themselves fully conversant with the 
properties of the glues, requirements for the glue- 
ing and testing, and look for design improvements 
which this technique can provide. 

Finally, I would like to thank the Author for 
“crashing in” with his paper, and fully share his 
opinion of the opportunities there are in both the 
marine and land construction for structural resin 
bonded wood laminates. 


Mr. R. HOBSON 


This is a subject which is completely outside my 
province, so I shall have to confine my remarks to 
a few questions. 

On page 2 the Author mentions various diffi- 
culties for successful use of laminates and case 
hardening effect is one of them. Is this produced 
due to heat generated by high speed planers or a 
crushing effect on the wood fibres? Would it be 
necessary to remove the surface formed, for 
instance, by a hand smoothing plane? 

As an alternative to sanding the Author men- 
tions kerfing. Could he perhaps explain this term? 

Then we come to moisture content of the 
timber; how does one tell if it is between the 
maximum and minimum ranges? Is there any test 
or is it possible to estimate this after experience 
has been gained? 

Where the outer member of a laminated frame 
is lying against the strakes of planking is it likely 
to become damp through water permeating 
through the hull? Presumably the moisture is not 
able to dissipate beyond the glue line. Would this 
have a detrimental effect? 

We are given to understand that the “pot life” 
of the resin is in the region of one to three hours, 
and | wonder if the consistency of the adhesive is 
changing during this period. Is it possible to 
recognise when it is no longer usable? If it is 
thickening, as various adhesives do, does this 
mean that to maintain an even thickness of the 
glue line, then the clamping pressure has to be 
increased as the glueing and clamping proceed? 

This brings me to the question of glue starva- 
tion. Is it possible to squeeze too much glue out 
of the joints by over-enthusiastic cramping? 

Urea Formaldehyde adhesive is mentioned 
briefly in the paper as used mainly for internal 
work. I understand this adhesive ages quickly at 
temperatures in excess of 100° F.; perhaps this 
would preclude its use even for some internal 
applications. 

The Urea Formaldehyde type of adhesive is 
commonly seen in hardware shops. 

Whilst on the subject of hardware shops, I am 
glad to see the Author refers to sanding at least 
once in this paper. My experience when I buy 
sandpaper is to be told “You mean glass-paper, 
Site. 

The reference to test pieces on page 3 seems to 
provide the only opportunity for the Engineer 
Surveyor to get in on this business. 

However, we are told that boatbuilding is an 
art, not a science, and certainly in Fig. 1 we see 
some very interesting art hanging on the wall at 
the back ! 

In conclusion I should like to thank Mr. Hobbs 
for his most interesting paper. 


Mr. SNEDDON 


The Author opens with some remarks on the 
rapid deterioration in both wood and metal on 
contact in craft of composite construction, and 
this [ can agree with from conducting Off-Charter 


surveys on wood fishing vessels and yachts after 
the war in the Firth of Forth area. Most of these 
requistioned craft had, of course, been through 
the mill on duties such as patrol vessels and 
barrage balloon craft with little, if any, upkeep, 
and it was not surprising to find rotting of wood 
and corrosion of fastenings in them. Unfortun- 
ately, none of the craft referred to embodied 
laminated members, and therefore I cannot com- 
ment directly on. the serviceability of this con- 
struction. 

In regard to resins, the Author quotes three 
types, but only recommends two of them, based, it 
would seem, on recommendations of the Forest 
Products Research Laboratories. The Forest 
Products Research Laboratories have carried out 
for the three resins, tests over several years in 
Nigeria as well as in this country, on plywood 
specimens exposed to various weather and water 
conditions, as well as investigating the behaviour 
of glued wood products in a 73 ft. M.T.B. put at 
their disposal in 1949 and based at Gosport. 

Although plywood is not exactly comparable 
with the laminated construction dealt with by the 
Author, the contention that U/F resins are 
inferior in length of useful life to the others would 
appear to be supported from these practical tests. 
But it would be of interest to have details of the 
large assemblies referred to by the Author as 
having been tested. 

Tests were also made at Gosport on laminated 
beams partly immersed in sea water with results 
that would not appear to condemn the U/F resin 
out of hand. Water absorption by U/F resin is 
greater than that for P/F and R/F, whereby the 
bond will in time be weakened ; but is it not also 
the case that comparatively moderate variations in 
the curing time or temperature are sufficient to 
alter U/F stability characteristics considerably, 
whereas with P/F and R/F resins more latitude 
in curing conditions is permissible? 

Referring to the conditions required for the 
successful use of the resins, a point I would like 
clarification on is the optimum moisture contents 
of the timber, given in the paper as a range of 
12 per cent to 17 per cent. The Forest Products 
Research tests on laminated beams rather indicated 
that failure by glue line splitting was greater in 
beams conditioned to 12 per cent moisture content 
than to 20 per cent with test pieces exposed to full 
weather conditions. 

Fully cured P/F plastics are relatively un- 
affected by dilute acids and alkalis, but could the 
Author state the effect of wood preservatives on 
bonding, particularly if pressure impregnated 
wood is used. 

The method of clamping and curing outlined in 
the paper leaves some doubt whether the required 
conditions of pressure and temperature can be 
satisfactorily attained. It is evident that pressure 
applied by screwed clamps at intervals may not 
give uniform pressure along the member and is 
dependent on the operator, and clearly some 
careful adjustment must be made at sharp knee 
bends where much forming is also necessary. 


As for curing temperature, it appears doubtful 
whether the temperature is adequately controlled 
by blowing hot air up below a covering tarpaulin. 
Perhaps the Author could enlarge a little on these 
points and indicate how correct conditions of 
temperature and pressure are assured, since both 
these are of prime importance to the successful 
curing of a suitable glue. 


Mr. LEISHMAN 


It gave the writer great pleasure to congratulate 
the Author personally, prior to leaving London 
recently, on such an interesting and valuable 
paper. In it are very concisely summarized the 
various adhesives at present in use and the condi- 
tions and methods of using them in laminating 
techniques, attention being drawn to many of the 
difficulties as well as the advantages of this type of 
construction. 

The Author is correct in stating that the boat- 
building industry is very conservative and in many 
cases it is true that development of new tech- 
niques is hampered by “sticking to old traditions”. 
It should also be borne in mind that in the 
industry to-day are many who are “starting with 
no traditions”, whose lack of fundamental 
botanical knowledge of timber is a real dis- 
advantage. 

Resin bonded lamination of wood will un- 
doubtedly be more generally adopted in the future 
as it is a particularly economical method of con- 
struction, both in time and material, lending itself 
to up-to-date prefabrication methods and at the 
same time solving the problem of supplies of good 
solid timber in large sizes and obviating the curse 
of fastenings. There is also little doubt that the 
industry, in adopting this method, will require 
guidance and to this end the writer suggests that 
this excellent paper be adapted for publication 
similar to the information pamphlets which are 
handed out at our stand at the National Boat 
Show. 

It is true that builders and owners are becoming 
more L.R. minded but this liaison requires every 
possible means of fostering. Perhaps it gives food 
for thought that at the last Boat Show only on 
five stands out of all the builders and associated 
industries was Lloyd’s Register Classification or 
approval quoted as an advertising feature. 

Technically there is little the writer can add to 
the paper other than to endorse the Author’s views 
and remarks. 

Much of the mistrust of the adhesives in the 
industry arose from the initial use of U/F resin 
without strict adherence to the mixing instruc- 
tions, from the unsuitability of the P/F type for 
high class varnished work owing to staining, and 
from a number of cases of skin and respiratory 
irritations arising from working with the resins. It 
is not easy to get all boatbuilders to use laboratory 
accuracy in mixing “glue” and to maintain con- 
stant conditions of temperature and humidity, but 
more and more of them are adopting the correct 
techniques necessary for good results and excellent 
results are in fact being obtained. 


Unfortunately the test sheets giving comparative 
strength data have not been incorporated in the 
writer's copy of the paper, so it is not possible to 
comment on them, but from personal experience 
the writer can endorse the fact that properly con- 
structed laminates have joint strengths at least 
equal to that of solid timber. 

It is felt that some more mention of this type 
of construction should be incorporated in the 
Society’s Rules. as well designed scarphs _ resin- 
bended under proper conditions are preferable to 
through fastenings, and as Tables 52 in the Steel 
Ship Rules give alternatives for riveted and welded 
construction so should Table 7 in the Yacht Rules 
be brought up to date by giving alternatives for 
through-fastened and resin-bonded joints. 

In conclusion the writer would reaffirm the 
value of this contribution to the Staff Association 
on a subject of increasing importance to the 
industry and to the Society’s Surveyors alike. 


AUTHOR’S REPLY 


| am grateful to those who by their contribu- 
tions to the discussion have enhanced the value of 
this paper. 

As Mr. Davies so rightly says, present - day 
methods of wood boatbuilding are very similar to 
those in use two or three hundred years ago, 
perhaps polished up a little, and metal fastenings 
instead of the wood “Treenails” being the present 
order of things. 

I believe Kipling had similar views for I seem 
to remember reading one of his poems wherein 
he quotes “How very little things have changed 
since then in the Shipwright Trade”. 

Mr. Davies mentions the construction of the 
De Havilland Mosquito and I believe I am right 
in saying that U/F resins were used in the 
laminated construction of these fine aircraft. 

I know two British firms that used U/F resins 
of the cold setting type for bonding rock elm 
strengthening laminates to the sawn frames of 
M.T.Bs. built by them during the late war, and 
I have seen a number of these laminated members 
since the war in an advanced state of delamina- 
tion. 

It was not until the immediate post-war years 
that I came across cold setting P/F adhesives 
after seeking the guidance of Forest Products 
Research Laboratories in the matter of scarphing 
a new lower end to the mast of a Dutch Boeier 
yacht that had rotted at the heel through standing 
in the weather during the war period. 

As the Laboratories made no mention of the 
cold setting R/F adhesives in their reply to my 
enquiry, I assume it was only in its initial testing 
stages at that time. 

Perhaps the U.S. Navy builders had access to 
both the cold setting U/F and R/F adhesives 
earlier than this. 

Regarding Mr. Davies’ point of “Approval” of 
resin adhesives used upon craft Classed by the 


Society, I feel very strongly that only those 
adhesives conforming to B.S.S. 1204 W.B.P. 
(Weather and Boil proof) should be accepted for 
structural members. 

I agree with Mr. Davies that Yards incorpora- 
ting resin bonded laminates in craft built to Class 
should have the proper facilities for satisfactory 
laminating but perhaps a number of firms would 
find it more economical to sub-contract the 
laminated components to specialists in this class of 
work. 

Mr. Marsden has raised some interesting points 
but I do not agree that a change in the abbrevia- 
tions R/F, P/F, and U/F is desirable as these 
are the abbreviations used in most technical 
publications dealing with resin adhesives and | 
feel we should fall into line with the accepted 
standard terms. 

I am sorry to disagree with him also when he 
states that P/F adhesives require a higher tem- 
perature than the R/F adhesives, for although I 
had some disheartening failures with R/F 
adhesives on oak due to not knowing the necessity 
of raising the temperature at the glue line for this 
type of timber and adhesive, I experienced no such 
failures in using P/F adhesives even at 60° F. 

P/F cold setting adhesives can be obtained in 
gap filling quality if required, in fact one manu- 
facturer advised me to use this type for bonding 
spruce hollow spars to reduce the amount of 
“stain creep”, but I feel we would do well to 
forget about gap filling qualities in marine work 
and insist upon properly fashioned close fitting 
scarphs. 

I am sorry I cannot comment upon Melamine/ 
Formaldehyde adhesive as I have had no experi- 
ence with this material. 

One firm I have visited uses thermocouple 
equipment for checking the cure of the adhesive 
but this method is not yet in general use in the 
Yards I have visited. 

Regarding moisture content, I have already 
mentioned the importance of storing kiln dried 
timber in the Yard under proper conditions until 
ready for use, and, of course, it is equally 
important to see that loads of kiln dried timber 
are covered with waterproof covers whilst being 
transported from the timber merchant’s kilns to 
the Yard, otherwise the moisture content will 
invariably rise, perhaps to undesirable proportions. 

Timber can be purchased from all reputable 
merchants kilned to any moisture content specified 
by the purchaser. 

The pressures quoted in page 2 of the paper are 
the pressures recommended to be produced at the 
glue line by the clamps. 

Perhaps some additional pressure is induced 
where lamine are pulled around a fairly sharp 
bend, but with the lamin thickness properly 
proportioned to enable cold bending by hand 
around the sharpest bend of the assembly, I find it 
hard to believe that as much as 100 Ib./sq. in. 
could be added. 

The “Standard Man” 
Spanner” 


to fit the “Standard 
is just the sort of remark some Yard 


Managers like to make in order to find out just 
how much some “High Pressure’ Salesmen know 
about the goods they are trying to sell, but by and 
large, Yard Managers are men who have spent a 
good deal of their early days in the workshops 
and slipways and can be relied upon to possess a 
fair amount of common sense and will keep a 
watchful eye over the clamping procedure. 

I made no mention of wood preservatives in 
this paper as so few timbers used in laminated 
members for marine construction are capable of 
being fully impregnated with preservative under 
pressure but I understand tests have been carried 
out in this country on the scarph jointing of trans- 
mission poles after the poles had been pressure 
treated with creosote and that satisfactory 
adhesion with plain scarph joints was obtained 
with resorcinal resin adhesive. The jointed pole 
stood a deflection of 6 ft. before it failed below 
the scarphed joint. 

Certain water soluble preservatives can be used 
and timber fully impregnated with them can be 
successfully bonded with P/F or R/F adhesives 
provided the moisture content is reduced after 
impregnation to 12-15 per cent, the surface 
deposits of preserving salts removed by wire 
brushing and any case hardening removed by 
sanding or kerfing. 

A period of closed assembly before clamping 
may also be necessary to enable the adhesive to 
penetrate into the surface fibres. 

Replying to Mr. Hobson, I would say that the 
case hardening effect he mentions could either 
have come from the roller that feeds the timber 
through the thicknessing planer, from dull cutters 
on the machine, or in some types of hardwoods 
from the very nature of the wood, and in the 
latter case even a sharp smoothing plane will not 
always remove it. It is far safer to either sand the 
surface, or draw a toothed tool, similar to a fine 
saw blade, along the grain. 

Although I have not seen them in tool shops 
recently, it was possible in the days when animal 
glue was used for veneering, to obtain plane irons 
with serrated back surfaces for hand planes, and 
when honed these gave a good serrated cutting 
edge for kerfing the surface. 

There are now moisture content gauging instru- 
ments on the market that will quickly give a good 
approximate reading of the moisture content of 
timber, but if greater accuracy is required, a block 
is cut from the parcel of timber, weighed ‘As 
Cut” then oven dried until it is found by weighing 
that there is no more moisture left in it, and then 
relating the oven dry weight to the original weight. 

The surfaces of the laminated frames that fay 
to the inner surface of the planking should be 
painted or varnished before planking up is com- 
menced in the same manner as grown or steam 
bent frames are treated, to prevent moisture get- 
ting into the frames should water permeate 
through the hull. 

The consistency of the mixed adhesive certainly 
changes throughout its pot life although very 
slowly at first, and if large quantities are mixed at 


one time, they should be poured into large shallow 
dishes to present as large a surface as possible to 
the air. It is simple to recognise when the useful 
“Pot Life’ is ended as the adhesive skins over and 
becomes too stiff to spread. I do not think it is 
possible, owing to the low crushing strength of 
timber, to exert sufficient pressure to bring about 
glue starvation, for the surfaces of the timber in 
contact with the clamps would be crushed. This 
is the reason that lower clamping pressures are 
used and are all that are necessary for bonding 
soft woods. 


The harder timbers will stand and in fact need 
the higher pressures to secure a good bond. 

The pressures quoted in page 2 of the paper are 
the figures laid down usually by the adhesive 
manufacturers, but they can only be used as a 
general guide. 


I have seen many examples of successful bond- 
ing of thin veneers using either nailed battens or 
wire paper stitching staples closely spaced for 
supplying the pressure while the adhesive is 
curing. 

With regard to the ageing of U/F adhesives 
exposed to temperatures in excess of 100° F. I 
have had no experience of this, but I do know of 
a wood mould used for the construction of large 
reinforced plastic hulls fairly constantly over the 
past five years. This mould is skinned with ply- 
wood bonded to wood ribbands with U/F 
adhesive, and due to the exotherm given out by 
the Polyester resin during cure, this mould must 
often be subjected to such temperatures, yet the 
adhesive shows no signs of failure to date. 


I cannot think that the average wood hull is 
likely to be subjected to such temperatures for any 
length of time inside the cabins, and U/F 
adhesives, should therefore be quite safe to use 
for internal joinery. 


In reply to the points raised by Mr. Sneddon, 
I do not think moderate variations in temperature 
and curing times, which are of course inter- 
dependent, are sufficient to alter the stability of 
cold setting U/F adhesives, but this may be the 
case where hot setting types are used in plywood 
manufacture. 


His point regarding pressure impregnated wood 
is covered in my reply to Mr. Marsden. 


Whilst I admit there are bound to be heat losses 
in the “Hot air and tarpaulin cover” technique, it 
is a simple technique which works well in practice 
and the initial cost of the equipment is low. 
Thermostatic control of the electric heater fans to 
govern the temperature within the tented area can 
be easily arranged. 

Mr. Leishman’s remarks regarding the National 
Boat Show give us all food for thought, but we 
should remember this annual exhibition is meant 
to cater for all types, from the canoeist to the 
large yacht owner, the firms exhibiting naturally 
prefer to show the goods they find most profitable 
to produce, and that standard outboard motor 
craft, one-design sailing boats and similar craft 
lending themselves to line production methods are 
more profitable to the builders than the usual 
“One Off” types, designed to suit individual 
owners’ specific requirements, that are built to 
Class under the Society’s survey. 

Even though it may be thought that a goodly 
proportion of the craft and equipment exhibited 
each year are not of the highest standard the 
“Show” has done more than anything else in get- 
ting more and more people “Sea Minded”, and I 
think it is a fair forecast to make that quite a 
number of the newcomers to this health giving, 
character building sport, when they tire of their 
newly acquired plywood tearabouts or sailing 
dinghies, will wish to cruise beyond their home 
estuaries and rivers, and it is then that they will 
recall those lovely samples of British Craftsman- 
ship they see at the “Show” bearing the notice 
“Built to Lloyd’s Register Classification” or “Built 
under the supervision of Lloyd’s Register of Ship- 
ping for Workmanship and Materials”. 

I am sorry the test sheets were not delivered in 
time for the Printing House to include them in the 
paper, due to the presentation date being advanced 
at short notice, but this matter has now been put 
right and the test sheets are printed to form an 
appendix to the paper. 

In conclusion I would like to thank you sin- 
cerely for the kind way in which you treated me 
during the presentation of the paper, and to 
apologise for my shortcomings in the first few 
minutes due to a sudden onset of “stage fright” 
brought about through seeing for the first time 
the magnificent lecture hall and an unforeseen 
rush to be there in time. 


PRINTED BY LLOYD’s REGISTER OF SHIPPING AT GARRETT House MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND 
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